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SuME knowledge of Chemigtry must luidoubtedly be regarded* 
aa an indispenBable port of a conmioii education ; and the young 
person, of eitber sex, who now diatontinueB study without 
having learned the chief facts and principles of tins important 
science, will scarcely have a inir claim to belong to the edttcated, 
as distinguished from the ignorant class. 

His stock of information, for example, can not be extensive J 
wbo does not know the elements of the water he drinks, nocj 
those<of the salt and bread, before him on the table. 

Such ignorance, though allowahle a century ago, when this I 
knowledge was nnknown, will not much longer be tolerable, ■ 
when Bchool-hooks contain the details of the composition of moBt | 
common natural and artificial substances. 

It is very true, that a majority of tboee who are in respecta- ' 
ble stationB in life, and who have enjoyed fair educational op- 
portunities, are, perhaps, ignorant of the composition of such 
common things as bread and butter; and there maybe some 
excuse for it in this, that the elements of Gbemistry did Dot form 
a part of their regular studies when at scbool ; but if it is consid- 
ered, that very many chemical facts are absolutely requisite tfi 
an understanding of such things aa the warming and ventilaiivg 
of huiliingi, ike preparation of food, the proper regulation of the 
diet, and of the commonest phenontena in swTounding nature, toM 
which wi: are inlimaieli/ related, it must be admitted that all who T 
are ignorant of these facts, whether yonng or oldi now that tlie.l 
task is easy, and every facility for the study is at hand, should^ 



4 . CHEMISTRY NECESSARY TO EDUCATION, 

■at 16 work to learn them; and this, not merely for the credit 
of their reputation as respectable and intelligent persons, but as 
a matter of health, economy, and pleasure. 

Indeed, ignorance of this kind is inconsistent with intelligence, 
it can not command respect, and is very unprofitable, pecuniarily, 
hygienically, and even morally. 

Then, as chemical principles have applications in every art, 
manufacture, and branch of industry, including eminently that 
most extensive, healthful, profitable, and fundamental of all arts, 
the Culture of the SoiJy we see the importance of a knowledge of 
these principles, not merely to those who are engaged in such 
arts, and to every moderately-educated person ; but as a part 
of the common school lessons of the people. 

Particularly is this knowledge important to those who super- 
intend the labors of rougher hands, and more untaught minds, 
as of the domestics in our houses, and the workers in our facto- 
ries and fields, who, unfortunately for all, have little science, 
and depend almost entirely on their unenlightened experience. 

Every head of a family stands in absolute need of considera- 
ble correct chemical information ; and one would suppose, that 
of those who associate with intelligent people, and thus have 
opportunity to learn the economies of life, they who neglect to 
study nature and especially Chemistry to a reasonable extent, 
would be only those who are content to live by chance and the 
sufifcrance of the elements, like the moth that flutters in the 
bright sunshine on the day of its birth, and then, by plunging 
into the first blaze that attracts it after nightfall, mistakenly 
destroys itself before it has accomplished the end of its existence. 

Such persons are truly, in comparison, more improvident than 
the careless moth ; for these animals, destitute of reason, and 
with but a slight portion of instinct, still live according to the 
laws and by the will of the Great Creator who has furnished zis 
with higher faculties, expressly that we might employ them to 
study and improve our condition. If we neglect this, we are 
less worthy than they ; nay even criminal for our thoughtless 
stupidity. 

To the ruder laboring classes, and to their children, the study 
of Chemistry would be highly advantageous. It would render 
their labor more effective ; it would assist to destroy that neces- 
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the constnnt supervision of more intelligent minds which I 

is tbe chief cauHO of the low price and little valiie of their toil. 

Thesp classes should know, that the coubtant progress of sci- 
entific discovery, of invention, and that continued extension nnd 
improvement in machinery which it is impossible, if it were de- 
sirfthle to arrcBt, tends to render of less and less vaJue mere 
physicnl labor which is not aBsociatcd, in the laborer, with supe- 
rior skill and intelligence ; so that tbe only escape from a star- 
ving competition against iron iiands and sinews, impelled by 
steam or water, or pure brute force, liea in the study of the 
principles npon which art depends and machinery is driven and 
constructed ; a study which shall raise the student from among 
the untaught throng, and by diminishing their number, increase 
the price they obtain for the sale of their sinews. 

To bring the ignorant to know this necessity for their acqui- I 

eition of knowledge, aud to teach them this knowledge, is the 
business not only of the philanthropic, but it is the duty and 
the interest of the more intelligent classes. It is indispensable 
to society that this should he done ; and it is to be accomplished 
■ partly by means of our public schools. 

Tbe time has already come, when many of the liboring classes 
' see, that their children require more than a knowledge of their I 

language, of arithmetic, and of civil geography. They, as well 
as those having the management of their schools, perceive the 
I necessity for the study of natural science, the pnblic press urges 
I the value of a knowledge of chemistry, and the study is n 
being introduced, and will very soon be regularly pursued, 
all schools of the grammar-school grade. 

The private schools, in which are taught those of our si 
and daughters who enjoy their pecuhar advantages, will 
compelled to increase their facilities for these studies, lest they 
and their pupils fall to an inferior position in public estimation. 
Beside, Chemistry is requisite for a proper knowledge of other 
Buences. Geology, Physiology, Pathology, and Physical Geog- 
raphy, could never have reached their present development 
without its aid, nor can they be fairly understood independently 
of some previous acquaintance with chemical principles. 

Mining is closely connected with Geology ; Metallurgy is 
purely a chemical art ; Medicine is based on Physiology and 
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6 CHEMISTRY THE KEY To NATl RE. 

Patliology, and its remedies are mostly chemical preparations ; 
trade and commerce and civilization, even, are closely related 
to physical geography ; so that Chemistry is intimately inter- 
woven with the most important and profitable material profes- 
eions and pin-suits. 

And while Somatology, Mechanics, and Physics, arc introduc- 
tory to Xaturfil Science, Chemistry is the key by which the mys- 
teries of nature are unlocked; and at this age of the world 
some study of it should be regarded as indispensable to every 
person. 

.NoTi:. — T\w. writer would hero acknowledge his indebtedness to tlie vari- 
ous CIuMnicsil ])ul)lk':itions and uuthorities which he has Iwen obliged to con- 
sult. The S •iciuili • Joimmls, as the Comptcs Rendm, the Atnmh'S tie Chimie 
t-t (If. Phtfi>i</>ie, til.' Aiivncan Journal of Sn'encp and Arfs, the Kdinhunih Xew 
PfiUosophiraf Joirna/, tlio Chcniiral (^zette, the Chrmisf, the fjfutf., Ed., ami 
Ditbl. Philosophical Matjazine, v^c., have occasionally assisted liini ; also, the 
n-entises of GintUn, Kane, Foivnes^ SilUman, «nd ollrci-s, \\\\\v Inrii froijiiently 
referred to. 

The obscrwitions, &c., of .]/"/•. T. Stei-n/ Hunt, \\\ Sillimair^i ('.'.; m'sfn/, niul 
eluewhere, have been found vcrv convct and vahiaM*. 
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INTRODUCTION TO TEACHERS. 



OBJECTS AND PLAN OF THE WORK. 



I^ the compilation of this work, the writer Las introduced ft 
RRfGcient description of the more important cliemical snbstanceg, 
a reference to the leading principles of the science, and as far 
as it waa thought adviBable, haa noticed its most valuable ap- 
plication a. 

He has besides endeavored to syBtemntize the study, without 
however rendering it too formal, and to present the enbject in 
Buch a manner that the learner will be able to obtain a sort of 
perspective view of the plan and scope of the science. 

Some pecnlinrities will doubtless be noticed. The snbjeetl' I 
has been stripped of everything that does not strictly belong W f 
it; and the learner without having become fatigued with ft [ 
tedioxis introduction, commences immediately with the propM* \ 
study of the science. 

By this means, and by omitting the more unimportant snb' 
stances, and much of the usual heavy detail, the hook has been 
brought within such limits, that it can be easily mastered be- 
fore the learner has lost interest in the new study. This leaves 
him a disposition, as opportunity offers, to resume the subject | 
and pnrsue it in more extensive wnrks. 

It will he seen also, that all the simple snhstancea are referred 

to, and described as far as necessary, before the commencement 

of a special description of compounds. This gives much greater 

I ritnplicity to the study; it fixes the simple anhatances, as such, 



8 ARRAXGBM ENX< OF SUBJECTS. 

in the mind ; and the writer from long experience, has found 
this conrse mnch more snccessfdl. 

The simples have, to some extent, been arranged in gronps. 

The compounds also are studied in classes ; those of the sim- 
plest c^institntion, as the Binary compounds, are first introduced, 
and among these, the classes of Hydracids and Haloid salts, 
are separately noticed. 

The Oxysalts are mentioned in connection with their acids ; 
thus Hnlphnric acid and the Sulphates are brought together ; 
also Carbonic acid and the Carbonates, and so with others as fieur 
as they hare been noticed. This is thought to be the most nat- 
ural arrangement, and to tend to give the learner plainer and 
more comprehensive views. 

Besides, those substances that are most alike in properties 
or composition are thus brought together, the learner becomes 
ISunfliar with the ty^ of each class of compounds, and the at- 
tention in the course, is repeatedly directed by this arrange- 
ment, to the same substances, so that while there is veiy little 
real repetition, its full advantage, in making durable impressions 
U secured. 

The arrangement of the organic portion of the subject, will 
tkellitnte, it is thought, the study of the extensive and impor- 
tant relations which this has to animal and vegetable life. Here 
however it was necessary to be brief; and the whole work is 
indeed but a skeleton, or outline, serving as is hoped as a basis 
for more extended studies. 

It lias been intended to make the work, as much as possible, 
the commencement of a practical study of the things and prin- 
eiples described ; and not an independent abstract of words and 
ideas. 

Chemistry is eminently a material science ; and the things of 
which it treats, should be before the mind and the eye. To 
fkcUitate this, the substances described, and the operations per- 
formed in a course of '' experiments," are referred to distinctly 
and separately, under the title of ocular illustrations, and num- 
bered, as such, from the beginning to the end of the book. 

It is scarcely necessary to say, that this should be realized 
as much as possible, by means of a Cabinet of Specimens of 
chemical substances more or less complete, and simple appa-^ 



IMPORTANCE OF ILLUSTATIONS. 9 

rattLS and material to some extent. These are within the reach 
of every energetic teacher ; while facilities for extending these 
valuable aids in teaching are constantly increasing. The ghi- 
sarial index at the end of the book, will be found very complete. 
The writer has endeavored to define correctly , at least every chem- 
ical term and principle referred to, not found in good English 
dictionaries, so that while the treatise is not large, it will, it is 
hoped, be found tolerably perfect, and quite convenient and 
comprehensive as far as it goes. 

Confiding his work to the intelligent and independent judg- 
ment of his fellow teachers, the writer will be truly gratified if, 
meeting their approval, it shall be found to supply an educa- 
tional want ; to aid the practical instruction of the young, and 
to promote, however moderately, the difPhsion of a knowledge 
of the most eminently useftil of all the material sciences. 

Note. — Teachers can, at their discretion, omit in giving out the lessons, 
the questions included in brackets, as these refer to explanations in small 
type in the text. 

1* 
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PRACTICAL USES OF CHEMISTRY. 




A Daguerreotype Profila 



^'ff- 2. has also assisted to perfect the bean- 

tiful 'photographic arU by which a 
portrait (fig. 2), or a landscape, may 
be daguerreotyped to a perfect re- 
semblance of reality. 

Chemistry has greatly contributed 
to aid many of the most important 
modem inventions and improve- 
ments. Thus, the galvanic batte- 
ry, in which various chemical sub- 
stances are employed, and chemical 
changes are in continued action, fur- 
nishes the agent for the operation of 
the Electric Telegraj^h. 

2. Still, Chemistry is eminently a 
modem science. Many of the most 
important elements have been dis- 
covered, and nearly all the chief principles established, since the 
middle of the eighteenth century. 

Carbonic acid was first described by Dr. Black, in 1757 ; Nitrogen, by 
Ratherfbrd, in 1772; Priestley discovered Oxygen in 1774; Chlorine was 
first noticed by Scheele, the same year; Hydrogen, by Cavendish, in 1776; 
and Potassium, and other metals or the alkalies, were discovered by Davy so 
late as 1807. 

The nomenclature, the equivalents, etc., the results of the labors of La- 
voisier, Berzclius, and others, are of similar date ; while the investigations 
of Liebig, Boussingault, &c., in Oiganic Chemistry, are still more recent. 

Chemistry is intimately related to human necessity, comfort, 
health, and life. It assists us to sources of nutritious food, to 
manufacture clothing and furniture, and to know what substances, 
as the various solids, liquids, and gases, are beneficial or poisonous. 

A science that, comparatively, is little studied, it is capable, 
when more generally understood, of increasing to an incalculable 
extent the wealth of the world. 

3. Chemistry has three general objects. 

Firstly. It discloses the composition of substances; as, for 
example, that water consists of Oxygen and Hydrogen. 

What art has Chemistry assisted to perfect ? What aid has this science ren- 
dered ? What is said of the galvanic battery ? 

2. Why is Chemistry called a modem science 1 

[Mention the discoverers of Carbonic acid. Nitrogen, Oxygen, Chlorine, 
Hydrogen, and Potassium. Of whose labors are the nomenclature and the 
equivalents the results ? Who have made investigations in Organic Chem- 
istry ?] 

to what is Chcmistrv intimately related? To what does it assist usi 
What is Chemistry capable of doing ? 

3. How many general objects has Chemistry ? What is the first-mentioned 
object of the science ? Of what does water consist ? 
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CHIEF CHEMirAL lJPGIiATIO\S. 



IJluBtratirm 1' Hydrogen i?xhibited as a combii^^EiblG gOB. 
111. B. In Osygen, ignilefl, wooii suddenly inflames. 

Second/.^. OhemiHtrr ilescribcB tlie means hy wliicli BuL§taDcc 
are separated into their eiementH, or by which elemeiitB , 
ted iuto compounds. 

lU, a. By die ffid uf lieal, Cucbonic nrid, one of the clemoiils or 
expelled, and Lima u left ; und, by mcsuiia of atlroctiim, Carbonii' acid ai 
Lime, in eepanuc solutions, romUne, when the solutions nra nuKcd, a 
again fonn eiaBc. 

Thirdlij. ChetniBtiT dpserihea the peculiar or diBtinctive fori 
and properties of ho£cs. 

Hi. i. The Regular Oi'lahedron (fig. S ), a solid having eight eqailatei 
triangular fifes, a n nacnrnl fonn of the diamond, and is peculiar to it H 
to some other mioerols. 



Regulur Octahedroa. 




production of fire oSS 
1 Comhinatirm, j 



4. The Chief Operation! in Chemistry 
eomiMmlioR, Solution, imd Precipitation. 

Combination iB the iinitine; toother of two or more Afferent 
suhBtancea to form a new sutistance. 



What does ni. I show of Hydrogsn^ Til. a of Osjgen? What object of 
the scienca is mcntioDod sewiiidly '( By wliat means may Carbonic acid bo 
OKpoUcd from chalk, and what is left? What is mentioned thirdly as the 
bOBincBS of ChemiBtiy \ What does fig. 3 represent ? What often has natu- 
rally the form of the reenhir octnhadron ? How many and what faces has a 
(Bgnlar oclaliodron ? What is ehown by HI. 3 1 

4. What are the four chief opDrntiona in ChemlBCTT ? In chemical niiaU- 
itation, are the aubstancea that comhine nliko ( Whnt sort of snbstnnre i» 
f&rroed by ehemicnl coitibinBUoTi ! What is sjioivn of Iran in III. 6 ? 
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— ^IMl'LES AM} (IIS 

ChRmical coiiiUnatlon always 
prodiiees heat. Fire is the Hgbt 
and beat resulting troni veiy rap- 
id combination. 

Decomposition is tlie separa- 
tion of a substance into its ele- 
ments ; ss of chalk into Ume 
and Carbouic acid. 

Combination and Decomposi- 
tion are the only processes that 
are invariahly and purely chemi- 

j 5. SoiiUion is wlipn a substance 

, Bnlphale of Copper (blue >it- 



formed, it is Simple Soltttio 




10 new substance 
; but when com- 



When ther 

properties, ani 

m in the last ca 

it is Chemical Solution. 



cal solution o f Ammonia Bulpbate of Copper formed. 

6. Precipitatiort is the separation of solid 
particles fitim a clear solution. 

7//. 9, On pouring water into a Etronj; alcoholic so- 
InUon of Caiuphor gum, the Camphor ia moallj pra- 
cipitated. 

tU. 10. By mixing in a Icst-glaiis (fig. R) a oolutiod 
of Nictate of Silver and one of Oiiuiid of Sodium 
(conuDOQ salt), there are tiro d^coniponCkins, new 
comnonnds arc formed, and one of them, the Cldarid 
of SilTer, JA precipitated. 

7. All substances are either compounds or 
simple sub stance a. 

Simple substances are those which are in- 
capable of sufferingdccomposition. More than 



What dOQi chemical combinati 
Ecribe decomposiCiDn, and give a 
that itro wholV chemical in all cases % 

5. Whiitis'So/KH'o"? What is done with Sulphate of Copper in 111. 7! 
What is simple snlnlion >. When chemical combination is connected with 
snluii(Mi,»')iulis ifiilM^ WliBtcb«mical solution is funned in m. 8! 

fi, Wliiit in Prrnuitalioii f Uow 1b Camphor precipitated in Dl. 9 ! In 
ini.\iiii:, ill 111. 1<l,eoln11uns ofNltralo (if Silver and CI ilorid of Sodium, what 
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P rCIDINE — SOIJRUEh — \ATURAI. STATE. 15 ■ 

siity BDcli substnnceB are known. Bnlpbur, Silver, and Lead, 
are examples. Coinpounds are tliose wliicli may he decom- 
posed ; SB Water, Chalk, aud cnniinoii salt. 

8. The simples are either metals or non-metals. 

A Meial is a simple Buhstance that receives a lustre hy pol- 
ishing, and that is a good coudn-ctor of heat and electricity.' J 
Hence the nse of metals, such as Iron and Copper, for stoves, , 
boilers, telegraph -wires, etc. 

A ntm-meta/lic substance is one that is not a good conductor ' 
of heat and electricity. 

There are fourteen non-metallic simples, such as Iodine, Chlo- 1 
rine, Oxygen, and Carbon. 

Ill, 11. Idst of tho Don-metals, writton on the blnck-boaid in Urge letCoia^ 
or printed and enspeuded on the w.ill. S«e Art. 8B, 

The first simple to be noticed is — 

IODINE,— STJiBoi, I. 
Equivalent 127. Specific Gravity* \W^ae''i 

9. Jadine exists most abundantly in sea-water, aud in mart 
plants and animals. It is extracted from kelp, the ashes of si 
weed. It is never found naturally in a. Jrec, that is, an uncom- ] 
Inned state. 

III. IS. CommoD bladder een-weed, fig, T (Fuciu twncubnu). 



Fig. 5 
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Mention w 






How nuLoy eaaplea aro knot 
ponnde, nnd give examples. 

8. How may tho simplca be e 
Bxaroples. What is a Non-mi, 

, there ? Raad off the lJs( of Nc 
deacrihed, nnd wbat is its aymbolic letter 

9. Where is I. found 1 1. is extracted from what ? Is I. naturally 
What IB futons veBitmloaas, nHowq in 111. 13 1 ., 

J What given rise to sjjccific gravity I Wlial it Ihe Bpeciflc giavitf of n\ 
id or liijitid!) 



d ? Define tho term a Mutal, ani 
How many non^nictallic simples 

-metBllic simple is first 



What n 



16 lUUINB — ns VIOLET VAPOR. 

I. is a bkckisb Bolid,* usually seen in flat crystals of J 
liaiit loBtre. 
IB. 13. SpedmBD of I. 
It takes ita name Arom its beautiful violet vapor. The GrAefc 

word, iodes, signifying like a violet. 



I. is slightly Koluble in water, but diHRolves in large quantity 
in Alcohol and Etber. 

111. 15. I,, by diasolviog, gives to walcr a stigbt, and to Alfoliol a de^ 

10. I. bas strong affinities, that is, tendencies to combine. 
Wlien it combines with n simple, the compound is generally 
called an lodid. 

ni. 16. I. unites with Pliosphonia, forms lodid of Pho.iphoras, and klndlM 
sfirD. 

11 The presence of I. when in solution, in an uncombined 
state, is shown by Starch. If the I. is combined it must be lib- 
weight of a certain bulk of it [n comparisoo ivith that of an equal balk of 
water ; whils the ap. gr. of a, Tipor or gaa ia fbnod by rorapaniiK with air. 
Zinc in T times b£ heaT^ as waler ; its sp, gr. is T. A qnnn of Cnrbomc odd 
gaa weighs 1^ times as much as a quart of air; the sp. gr. of Carbonic aoid 
gas is 1-5. 

• Bodies eiist, In inspect to solidity, in two gonenl forms : >olidi, like 
wood, Btoiu!, and dual ; and Jluid», or those of which the panicles can readily 
How about. 

The flnids are divided into liqaidi, or visible fluids, like water and t^; 
vapon, or [nvisiblo substances, liquefied hj atmonphcric cold and pressnra ; 
and gtiMi, or more permanent invi?ible aubatanccs, not liqaeliablu by ordi- 
nary cold and preasure, like air and Oxye*"' Wood, wat«r, sieam, and air, 
are representatives of the four forma — the aotid, the liipiid, the vajior, and 
the yu. 



Wimt form and appearance has I. ? 

Why is the iiume of I. derived from iorfsii f Describe the vaporizatioii of 
I. in 111. 14. In what is I. Bolnble ? What is tlie effect of I. oo its solvents 



II, What shDivs the presence of I. when in solution in a. free state ? 

(Why is the sp. gr. of Zinc said to be 7 1 How is the sp. er. of a vapor 
or eaa found? Mondon a gas tliatia 1} times as heavy aa air.] 

[WTiRt tvra general forma have bodies? What i-an the particles of fluids 
do! Mention the ttirec kinds of fluids and their characters. Mention the 
fifOT forms of bodies and their reprcaentnlivos.] 



DETECTION — ACTION ON METALS — TISSUES, 



rated before tLe starch will net, or else snme 
8 Chlorid of Mercary miiBt be used. 

weak Bqatratw aoli 



otber agent, snclt 



1 



c the Stnrcb bero 



7fl. 17. Cold Starch Wi 
purple lodid of Starch. 

The rora[)ound of I, and Starrh is railed an lodid, s 
ttcia like a simplo. Buc lodids iti Art. 10. 

HI. 18. SolntilHi of Chlorid of Mercurj and of lodid of Potiugima mixed. 
BrilliBDt red lodid of Mercuiy precipitates, aad Chlorid of PotaeaiumremaiiiB 
in Bolntion, 

Test. Reagent. The means by wliieh a substance is sepa- 
rated, precipitated, or recognised, is termed a. test for that sub- 
stance. An^ chemical substance used in testing is a reagent. 
Starch and Chlorid of Mercury nta tests for I. 

12. XJses. I. is used in medicine ; and it is employed in pho- 
tography because it acts on Silver and fonns lodid of Silv 
wbicli is decomposed by light. 

lU. 19. I. on a bright silver coin. Dark colored lodid of Silver formed 
iU Borftce. 

T. decomposes animal and vegetable tiasueB and therefore 
an active poison. 

13. Chemical substances combine in fixed ratios ; for exam- 
ple, the Oxygen and Hydrogen in water are always in the ratio 
of 8 to 1, and nine pounds of water contain eight poimds of Oxy- 
gen and one of Hydrogen. Iodine and Hydrogen combine in 
the ratio of 127 to 1. 

Hydrogen is the most common standard of comparison in re- 
epect to ratios of combination. 127, therefore, is the ratio of 
combination, or as it is commonly called the Equivalent of 
Iodine. Briefly, then, an equivalent of a simple Buhstance is 
the quantity of it by weight that will combine with one part of 
Hydrogen, or with as mnch of any other snbstance as will com- 
bine with one part of Hydrogen; and the equivalent of a com- 
pound is the sum of the equivalents uf its elements; thus, as 
seen above, the equivalent of water is 9. 

The second non-metallic simple to be noticed is — 



10- 

9k 



What is the action of Starch on I. in III. IT? DeacrilM the reaction between 
lodid of Potass initi and Chlorid of "Mercury in III. IS. What ia a lest ? AnS 
Bgenll Mondnn Icttia for I. 

IS. Use of I.? Whj ompJoyisd in Photography? I. why poisonoua T 



Describe tlio oi 

13. Tell bow chemical BUtulancca cc 
tm Ciiamplc. Wliret do 9 pounds of wi 

Hydrogen combine? Wliat ia the standard for comWnlng n 
namber is the eqaivalenl; of I. ? What is the equiroJeiit of a simple gob- 
"' ' " "" ' is the second non-metallie simple Qotkie4 



ir in 111. 1 



ic in respect to qnantity, and give 
^nnt4lin ! In what ratio do I. and 
What 



^hatis i 






iboH 



18 SOUBCBS PROPRRTIES AND I's^ES OF 



^ 5J». Air I. 



BROMINE. Br. E*i^c. SO. Cknuit^ J ''^' ^ 



14. Br. like I. e3dsts natural) v only In a state of combination. 
It is generally present in saline waters^ and is commonlT ex- 
tracted from sea water. Br. is a deep red liqoid, and except 
Mercury, the only »mple that is usually liquid. It is so volatile 
as to escape in vapor from an open vessel. It is soluble in 
irater but more so in Alcohol and Ether. 

It has a very pungent and offensive odor, and fmm this it 
takes its name, which is derived firom the Greek* bramo^t & 
stench. 

m. 20. Spedmen of Br. 

lU. 21. Jkt. coDTerted into a bnght rad rapor. 

lU. 22. The vapor di&$olTed ia water idiifh it colocs. 

15. Br. has v^ry powerful affinities, since it combines rapidly 
with metals and with all combustible simples. Its compoands 
with other »mples are mostly called Bromids. It quickly de- 
stroys animal and vegetable tissues and is therefore very poison- 
ous. One drop on a bird's beak will soon cause death. It will 
take the edge from a steel file. It acts differently firom I. on 
Starch. 



Iff. 23. Detonatioii of Br. when dropped bj a glass rod on small 
Potassium ; Bromid of Potassium fbrmcMl. 

lU. 24, Br. inflames Phosphorus. 

10. 25. Orange color gircn to Starch bj Br. 

16. Br. is used in Photography because it wiU unite with the 
Silver of the Daguerreotype plate to form Bromid of Silver 
which is decomposed by light. 

III. 26. Specimens of Dagnerreotjpes. 

lU. 27. Br. corrodes Silrer and finms Biomid of Silrer. 

The third non-metallic simple to be noticed is — 

* Density is here used instead of Specific Gravitjf. 

14. What is the natural state of Br. ? Where is Br. found, and fVt>m what 
obtained ? Color and form of Br. ? What other simple is generally in the 
liquid form? Volatility of Br? Its solubility? Why does Br. take its 
name from the Greek word, bromot? In 111. 21, what is tlio color of Br. 
▼apor? In what \» tlic vapor difliK>lved, III. 22 ? - 

15. Why is Br. said to fiavc iKiwerfiil nffinities? What nniuoM Imvo the 
componndH of Br. ? Action of Br. on livini^ tiflnnes ? On a hirtl'i* btuik i On 
a file ? In III. 23, how dws Br. act on rotaMiiim ? On Photsphorud, 24 ? 
On Starch, 25? 

16. Why is Br. used in photogranhy ? How docs Br. net on Silver, 27 ? 
What irt tin; thinl non-metallic simple noticed, and what is its symbol ? 



■Kf OF (.■|ILlJIU^ 



CHLORIME, CI. Eguir. 35,5. Deuaily, 2.47, . 

17. Gl. is a Tcty abundant simple, found in all salt waten. ^ 
Common salt coutftinB CI. and coneisting of two elemeotB, onlj, I 
Chlorine and Sodium, is called, therefore, Chlorid of Sodium. 

For Biauufacturing 
purpoaee CI. ia extract- _ ^- ^■ 

ed from common salt, 
but for chemical illus- 
trations it is taken &om 
" spirit of salt" which 
is properly called Chlo- 
rohydric acid. 

111. 33. CI. exlracled Iroln 
Clilorohydric acid, IICI. by 
mBanaofBinoxjd of Man- 
ganese Mn Oi imd heat, and 
uien eoUecled over water, 
displaring the wawr, as in 
flg, S. Abont three parts by 
weight of the commercial 
solution of Chlocoiiydric 
acid, commonly known as 
muriatic acid, mid one piirt 
of the Oxyct may he used. 

In this process Ohio- ^ „.„vumi.,i ^. u.ui ..r.«^i 

rid of ManRanese, MnCl. 

and Oxyd of Hydrogen (Water), HO- are formed, as sbown 
in the diagram (fig, 9, page SO), the changes being between Cieo 
equiBoletUs of Cnlorohydnc oirid and one of Binoxyd, wbicli are 
represented at the left of the brarkets. The elements of these 
two compounds are symbolized witLin. the brackets, and tbqi 
new Eubstances are at the extreme right. 




-^ 



n 



What ia (he cqntvalcnt and what the density of CI. ? 

17. Abundance of CI.? CI. is foaod where ! What flabstonco contains 
CI. and Sodinm, and what Is its chemiesl name? Wbat famishes CI. for 
mannfiictnring purposes? Fur (^hemieal illnstnitlons ? Correct name for 
Muriatic acid ? By what means is CI. extracted fm^o Chlorohydric ucid in 
Dt. SB? What does tfae CI. displace when collected orer the pnenmaljc 
troagh' Whnt two new substance!! nni fonnod when CI. is extracted fFom. 
Chlorohydric acid, and what are their symbols? Explain tlia diagnun? 
Wimt docs 3 tICI. represent ? Wliat is Mn O' and of wlint is it composed ! 
Wheacofoniethcelonients of ihewatarformed? Andof the MnCI. ? StaU 
tlie difTerent uses of the large and small numerals ? Where, in the dilgnio, 
arc the Bubstances nscd represented ? their elements ? the ni *— ' *' 



If* rz'KSii .. f '■■ -v »^-r"f .^« 



* ■'A 






Ux^ 



Jtx ^v,,^ 




4 •. 



'Jit^-mtm. "Zimimm a «75Knmf rii.arar ztob. rxuv^isn-s' 



*ih«*i«'# «^:«( '.-viMMflnqr uf "Wii ftunnifcaifr of ITtiiiciiit. r*. art *^i a" ^'*- 



*a:tiivfV*X a. t^. (. jut*' V( iiMiiHiiiii i Tbt mnfrxiu^ cr: Tiuir-e'r xr i>; ^:itt!«$ 
IbMr A w%u*% judHK i'X vt anrt "nnxL lAsf ftH. 1^ r«> > rT^fc-^A^t ix t^ 

4M»uHl|U<(>^ i/ A v^Srr «tf49S MStC ib^JB. "ai!: hisiOK^ JKZCT Scur^ IV CSS T?tf^ 

4ft^i»Ctf Icvtt. «;«#; Im: a«inig^ ^ vtac inif iKit s ib^ ;.x>. T^ rx:>« mak^ 
Mb i^<4^ /^M« vjQt Q«^ jbMk vr justa» of a t^an: A t<^j«<.: .•£ ^v^sKfC (> 

mt0^ *'^Jcr% *M 'upfkp. va» x *sJKf trzc^/rscuE -die HsZ ria<4^ ^''' . 'v^-*! is 

lUtMbj^ MMCIMW9I »y <gau>if|faw.- ^g w ii^c*-. v^»:a ibe arryg'^ij^x v^uttr it 
«to*4 jet KMrtii. TV ^»i --^aflf dfl-Tw^ *.T lit htxs. iuas* «:V *vwt liK' 

1^ A» «iA vaC«r. 

40 fJtA WJ ««ar yf^frtx ^0ft*MA si* wfet </ At shelf sirfk-ieTiilv iy> k\>c;x-^ 

TUU 4t^i6^Ki tuA Ihl^ufi will aMir vlKstrrer j^a? i> <<ck!fe<vd o^yr w^^^r; 
fl^/«/fi in v/WM; <«M» AMn Jkat, and u ^ufacn nuoe ax all. will V x^ittiw^), 

'Vitt^ ''M4«r» laa/ fy^r^iMmtlr hare. injKad of a chnple sbelf. a xiK^T^kMe 
a«r *itMfu^0t(r, mUmu ^smH a* lar^^ m* ht^lf, hut doi so hi^ as die n>p bv an 

^ Hinithur AiMiipnun% mzr prrjfitaMr be dnmn on the black-board K> iUu^ 

{tfhiiuf'tUfii If^wH^^n ^/vimUnfSf and /wrte {y wa'yf^if Example ? What 
iWHi'i ft/r tli<; y<rw»*l '/ water uMd in the ooliection of gases ? Wbat mam- 
tu'ut^ tfi«f wut^rr in tti« U;ll ((Umr ?| 



INHALATIU.V — l^LVuKIMB — BTCHIKO. 



23. CI. is always 



blood, and G;enenu]f ii 
and vegetable bodies, in the « 



The tett for the presence of 
CI., whether free or combined, is 
Nitrate of Silver, AgO, NOk, 
which by tlie CI. is converted 
into iuKoIuble Chlorid of Silver, 
AgCl. 

Autes a while precipitate oiAgCl,mim 
dropped into Cblimno w«t«r. 

Tlie fonrtk simple sobstance, 
in order, according to the plan 
of this work, is — 



FLDORINE, P. Eq.l9. D.isia.ML 

24. This substance is found id 

combination iu slight qoontitaei 

nrunnB '" Hisft-WRter, Boilfi, plaots, and an- 

itnnln. F., combined with Cald- 

nm, constihitPH Flnnrid of Cnlcium, known as Derbyahire Spai, 

a moderntely obiimlfliit mincrnl. 

From it<i nup na R flux. Derbytliire Spar is called aleOt Floor 
flpnr, whf ncp the nnine FlKoHne. 

lU. 42. Spfli-impn (if FlnorM of OnlrlBm. 

2.^. F., hnving [)(lW^f^'Hl nffinitieo, is iiinUted with great diffi- 
ciilty, nrd ther»jfofe wcWoin enlilbltod in the class-room. 

ft i^ a rrddiah lifiwti gN!i, bating Motnothing of the odor uid 
pr'inortirs nf CI. 

FliTibyilric nord. which cniifiMo nf F. nnd Hydrogen, has the 
singular properly of neiing km f^nm. By this add, etching on 
gTnss is porfo/ttiM. 

///, 4^, Rpc-'Irhpft at m i-\Ml\g. 




II <tt t'l. In I'lnnt* tmA nniiiialiil Test for Cl.t 
'II CI. ni>ltj\i-". NC-.' Wliut Jx the fourth buh- 

Mv.,.t. (.1.1 rf^ti-l(t, -r 1'. * 

■, ; P. fmlml! fWrniiiilllntl, iinmc,andabnii. 
.. MrWicf (("-"lln-flfliirliiiiT I11.4S? 
,. --.-.r^t V.I tVliNl m-ld lutiHonglasBi Uw 



J^gCsnyififfiWfWf— sawfrFgA w t k . 



,' OP IODINE, BROMIMf, t 



NK, A^D FLOUR] N 



26. Tliese four siuiplEB arB remarkable examplea nf timilarilg 
unong diffierent tabslattcet. ' 

They nJike have powerfully pungent odors, Btrongly resem- 
bliug each othi?r ; and, unlike mast other ^tuples, are brightly 
colored, Hiougli vnrying in depth of eolor mik I., which is 
deemet, to CI., which k palest. 

They «re reBceptiblc of a ready change in fonn, taking cither 



1 



the 

They are never found in nature uneombined. They 
abundant in the sea than elsewhere, owing to the easy eolubilil 
of most of their salts, by which means they are being conatantlj 
transported from the soil into the sea by rains and Etreams. 

Their affinities are eijierted at ordinary atmoepheric tempera- 
tnres ; they enter into combination without the aid of heat ; hul 
this combination often gives riae spontaneously to such elevatcrd 
temperatnrcB ai to produce the phenomenn of fire. 

They are universal in their aronities, combining among them- 
selves, and generally with the other simples. 

They alike decompose animnl and vegetable substances, by 
their strong attraction tbr the Hydrogen which these substances 
contain. By the same means, they destroy ammal and vegeta- 
ble colors, and are active bleachers. 

By combining severally with Hydrogen, they form the group 
of Hydracids; and these are escewively pungent, soluble in 
water, and losemble each other as much as the four simples 
themselves. Ghlorebydric acid is the commonest representative 
of this clasB. They are noted for their action on metals, quickly 
corroding those which are affected by other Bubstances with dit- 
ficully. Their affinities are singularly inflneuced by light, as 
seen in the decomposition by light of an aqueous solution of 01., 
and exhibited, iji respect to Br. and I., m the daguerreotype 
process. , 

They form, by combining with metals, the group of Haloid 
talu, or salts resembling sea-Bait in composition. 

16. Of wliaiBTi! l.,Br., CI., and F.,remurkaliic examples? Wbacof Ihcir 
odoni^ Of thuic colors? Chnngo of Ibrm'^ Naluml cuiiditian? Where 
most abnniliuit and why '! Afllnilics of I., Br., CI,, and F. ? Nocessiiy of 
IwBt to the exertion of iheir nffinitiea ? EfFoct of iheir wiubinatjon 1 Their 
nnireisal BflinititMi? Action of I., Br., CI., Bud F.,oii Haiiuuls and vegoUbles, 
and tbctr t»lore, and why? Compaction oftikQ Ilydracida und their proper- 
• tiu t Most common Bydradd ! Action on mctais t Influenra of tight on 

iheir affinities 1 Examples f Composition of Haltud salts ? "- 

Ind Bolli ? 



^ 
<'1^^ 



^ 



OXVQEN — ITS ABUNPANCE — IIOW ( 



Ttey have characteristic (liffecencos among tLemselvee, how- 
ever, aa shown in the histoiy of each already given, and Been 
in the etiidy of their compounds, which will come up hereafter. 

The different membera of thie group are so remarkably alike, 
that attempts to group other simples will, in contraGt, Becm bat 
partially snccesBfiil. 

Oxygen, the eimple substance next to be noticed, and the 
fifth in our course, slightly rcBemblcs the simples of this group 
in aeveral particulars, hut more especially in its energetic and 
Utiversal affinities. 

fOT^SII, 0. £9.8. C 1.106; Jir, 1. 

27. Qx^ge» it the vimt abundasl and important of all atii- 
itances. It exists in a free state in nir, of which it forms more 
than one fifth. Eigbt 
ninths of all water Are 
0. It is the chief ele- 
ment of plants, animals, 
and minerals, and prob< 
ably constitutes huf of 
the earth. 

28. Oxygen i8moBteft< 
sily obtaiued from Chlo' 
rateofPotaBBa,KO,C10», 
by means of Binoxyd of 
Manganese, MiiO„ and 
heat. In this process, 
while the Binoxyd is un- 
affected, all the O. in 
the KO, C10„ being eii 
equivalents, is expelled, 
thus converting this salt 
S~ into Chlorid of Potasw- 
um, KCl. 




Characleritilic dilTtirunreB of I., Br., CI., and P.? Sncrees in grouping 
other simploa? Fiflli simple noticed? In what does O. resamlile Uio mem- 
bers of ihe lodino f^ap ) Svmb.. eqniv., and dt^ns., of 0. '-' 

ST. Importance of 0. 1 Where a O. naturall; in a free «tate t What part 
oT air ia O.? Of vrater? ClaBBes of bodies In which O. ia found, anj ita 
almndaaai t 

SS. From what is O. obtained, and by what moani! ? Wlmt is the symbol 
of Ctilonilc nT PoImwi t Of Binnxrd uf Mnngnncse 1 Wliul t'han)>e do the 
MnO, anil riie KO, CIO^ reii|ioctivel* undcnio in the proi'tsa? Draw the 
symljuia on tlio bluik-inMird, nail esplain llicir m'-iiiiing iind iLu clmngcs? 



w 



FBOPEIITIEN 




For KO, C10„ = K01. 
and O^. Here K. repre- 
ients PotaBBium. 

HI. 44. 0. procured by heating 
KO. CIO., with { >l» weit*t « 
MnUi, and collccled OTer valcr 
(Hit. U), p«Ee as. 

lU. 45. CollcinioD of 0. by 
displacing sir (fig. 15), Bince it 

29. O. it a permannt 
gnu, uot having li€cii lique- 
fied by the preBBure of 800 
times that of the atmo- 
sphere, to which it has 
been subjected. It ib bo!- 
nble in 22 times its vol- 
ume of water, and is cfilor- 
Idbs, tasteless, and inodor- 
ous. It is about \^ as 
heavy as air, as seen by 
the figures at the head of 
the section, denoting its o«yE<iiooiwieduirifrAir. 
density. 

30. The {ijinkies of O. are rery 'pmoerfkl, and exerted in gen- 
eral more rapidly at high than at low temperntnres. 0. com- 
biuea with all the simples but F. It forms Oxyds fay combining, 
and also Oxacids and Oxy salts. 

The burning of fires is maintained by the 0. of the air. Ni- 
trogen, the other chief element of air. Las no action on burning. 
Air, therefore, supports burning less readily than pnre Oxygen, 
because in air, the 0. is diluted and weakened fay Nitrogen. 

M. 46, A caaillG or taper, having a Bpnrk of fire on the wick, instantly 
Samei in O., and bums tnilliantly. 

31. In the ordinaiy burning of wood, bituminous coal, oil, tal- 
low, sperujaceti, wax, etc., the Carbon, C, and Hydrogen, H., 

these substances, combine with 0. from the atmo- 



W 



=T 



odor of ! HcuTincBs I 

30. AIGnitiea of O., Hud effect of tempemtaro ! With what aimptes does 
0. cambinui What clasaes of compounds doas 0. fonn? llow are firea 
naimnined ? What is the chief element of air besides O ? What ia Iho Be- 
tioa of NitroRcn on burning ? Why ia baming more ready in pore O. than 



What 
. What IV 



I comha 



aiidlG i 



111.4 



tiblu cicinenlu ilu bit an 



a coal, oil, » 



^nonrcTS OF liiiRxtxo. — actds. 



^ 



unhorc, llic Gnrlwn tlin 



c Add, CO,, and tKe 
1 re Hulls attend tlieir 



; forming CdrbonL 
iTtning wnter, HO. Tl.o sam. 

III. 47. By the ronrlcnsation of watery vapor on a mid glaca surroutidiiig 
■ AniDe, lli« rnrmMion of water in cnrnmon burning a proveil. 

//(. *a. Ay tlio cljulkj npiicarancc given to cle«r Lime wMcr, BgitaUd witli 
iIhi Kiwcnuii [iriHliii'tB of liumin);. the rormntion or CnHionic add is indkated, 
■fnou I'hulk coiuiHU uf lime and Carlionii' iicid. 

lU, 4U. HhhiI wiidMpring burns rii|iiilli' in Oxygen, wilb spleudid Kantil- 
iMloni {fig. 16). 

"' ' " Id tbis case, Oxyd of 

Iron, Fe,0„ and Car- 
bonic acid, CO,, are 
formed, sinco the steel 
conBistB of Iron and 
Carbon. 

lU. so. Fhoephanu bnined 
inO. Ancxi'cedinglyiiKeiiga 
light, produced )>ythQ incui- 
denceiiM of ihe nioaphorie 
Bcid, POs, which is fomwd. 
This poisoBons 




like 



I lug in Oxygra. 



FhoBpboric ncid, 
vinegar and nther acids, 
imparl a a sliarp and 
Bour taste to water. 
Hence 0. is so named 
from the Greek oxui, 
sliarp, and gcnHao, I 
produce ; that is, 0. 18 « 
generator of sour anb- 
are formed by the burning of 



BtaticcR. for in many caaes acida 
combuHtibloB in 0. 

3S. There are three things in which acida generally, though 
with some osceptiona, ngren : firstly, in being readily soluble in 
water ; leeondli/, in having a. aour taste ; and, thiriUy, in givinff 
a red color to blue litmus -water, and to the purple color impaitea 
to warm water by red cabbage, violets, purple dahlias, ana simi- 
larly colored dowers. 

In buminj:, what butonion of the C. and H. of Iho raaleriol burned) Is 
it the BiLino with burning in pure 0, 1 What ore llio symbuls uf water nnd 
of Curiwnic arid 1 How id it shown, 47, that HO is formed, in burning ? 
How, in 4B, that COi i* fiirmLiI f When sIin^I bams in O,, At, what are da 
appearances, and what HulHtiuictB aro fonniMl ? Of what is steel composed ! 
Syinliol of Iho Oxyrt of Iron jiroducc'd 'mif. Describe (he burning of JTios- 
phorua, Ihc eubsiiuu?o furmeil, and iu BymboH la P0> hamlosB? Ackla 
(five what tnsto to water? Durivation of the word Osygon, and why* 

33. Ill whiit thrco t1iinj.-M do mid^ iif.Tce? 



OXVDS, — ALKALIES. 

III. 51. Inru&ion of litmtta or cnhbugo, rcddcnixl hy Uio soured vraior trfef;] 
wliiiii PliUi|i1ionia lius hnm bumcd. ■ ' 

33. 1m somv cijtet tic jrriiilucl of n/inbua/iim it not urid, uB ' 
tbo l^ui'nitig of tlio 'irtiii uC titeel, mid uf tlio lIj-<li'ogcn gf mo 
inatiirialti consumed in common fircH. 

The compound of Hydrogen witli O., known as W'attr, H(X. 
like tiie Iron compound, FbjO,, is an Oxyd. 

Tbe term Oxyd is Bometimcs nnndo to include the Oxacid*, 
or mineral acids, like tlo Pbosplmric, wliich contnin 0. ; but by 
an Oxyd is more gciiernlly understood an Oxygen componnd, 
wbich is not Rour, and bns no acid propertion. 

Many Oxyde, for example those of Hydrogen and Iron, have 
no action whatever on colors. 

34. In other instances, the compound of a sohetance with Oii 
though termed an Oxyd, turns tlic colors of red cabbage, etc 
(but not that of litmuB), to a lively green. Such Oxyds arc 
powerfully caustic, and are known as Alka/ics. 

These alkalies, as well ss many other Oxyds, neutralize acidsi 
destroy their sour taste, and restore the blues and purples which 
acids have reddened. 

The alkalies, and the other Oxyds which are capable of com- 
bining with acids to foiTii saltH, nru called liaies, and sometimes 
taiijiah/e baaa. 

III. 62. Polaseiuin banif<l in O. Folnssa, KO, formed. 

111. as. T)iu nlkaline cloud of KO, r«rmed in III. 53, on iKiiiig ogiuitnl wilfc 
red-cabbogc wutor, turns il )i;rccn. 

HI. 54. Tho blue of reddened litmus water restored by KO. 
36, Anp ga% dettilute of odor, and having tie cAaracteriatis 
actio* nf O; vn burning, curt be no otJter than O. 

lU. 95. Ignited pine or paper inflamed by a stream of 0. 
36. The heat fi-om a fire is much increased in intensity by 
throwing in air, or, what is better, pure O. ; since the chemical 
combination, the canse of the heat, thus becomes more rapid. 

111. 56. A watch-spring, or slender steel wu?, burned nith bcuntiTul seln- 
tillalion in the llamo of en ulrohol lamp, into which s jet of O, is projected. 

What reddens tbo litmus, etc., in 51 ! 

33. Is tlie product of coiubostion always acid ? Examples t What is w 
Oxyd ! Do Osjds act on colors 1 

34. Niune nod properties of the class nf Oxvds tbut rbnn^ ve^tahtc cot- 1 
on to s green ? Action of alkalies and some 6xvds on acids, and the coIoM J 
tiiat acids hara clmngod! What are saliflBhlo !)n«es? Wiioi is form 
burning l*ota)i»ium in O,, 5S? How ia rcd.cnb1m|ro water, in 53, tt 
|<rBen ! Tho blue of reddened litmus how restored, 54 "i 

85. How is O. known 1 Effect of O. on ipnitnd wood or pwiar, 55 ? 
36. EH^ct of increased rjniLntily of air or O. on tho beat M fini, oad W 
Describe tbo walch-spriii^ cspcrimcul, 55? 



i 



SH" i^"%'t?£\ nkx$nas» iv cammfrwK asc» ssensATiolc, 



riQDTtu-ciii'iT . u. utt i PiH.Ta fe> nf wcirii^. 

If liK- ni«rr«:itii: of Vnmnisr jcipr! ic O. v perfcimied in a WO 
f:)KAsw rJiMC ac 7^ m*. mc ffiWHfin^ in irstar, 'die low «f O. ii 

llir iri^lidnrnl of O. ^toc "^r Muwu^ wr iv saen te Ve werj 
exTmsh^. vimi c k- rraisadfTtc 'Aml tiit j w ufcia cflBoliBfllicHi dP 
6W llisw nf |acrr cml ?t>oiic^» IjfW Iks. cf Ox^gutt , Am lOQ 
nAiir iIlcb^^ nf O. ^^ir^ 1^4.^ £ndi&. a vohniie oimBmAw MJOOO 
rarliic iffO, nr tW Osywt nf IW-HW* rnlir ic«t cf aar (S7), te 
aWrarr^c ic tW Vnxrm&r rf ?^w utmanSsr rf cmid. And iC ia a 
iraTYu ^i^ Biiv nf ancbracnr a?r Ivcimc in M lN«n. lids wiD ex- 
tract mvK ibr ai]if«iR|iiifvr n: tluc ^Bie ?I3 nftat feet «f Ou^^pil 
toiW O. nf iitwH 4.00r MiW iM rf nc 




JLSLT TW«mrccjklBiff |i)KTCaaasft(teailKO|te»or 




3S. £r»>:->c.*MNi t$ £ fimmnv ir^-rL r^^amioeSv rmmmdi tid^ it ike 
£f oMmimjtrHmu It » a $^v Vnznoix^, Vt vidcfc ihe laod- 
cnae be>ai of aumals » TnaTntmrwe, 

lahakd ak, Hke iLai pajs«f«ii tbivi«g)i a £i«. lias a pnrdoii €f 
Hs O. viibdrava and converre^d into Cai)>c«DC acid, CO<. and 
water, UlX bv a cotmbinaxk^n of O. wti}i s^aae cf tke CaiiMn and 
HTdiv>pm of tlie aiuiaal Kidr, 



^rimi bcM ia « cairew ot air cxkaMl frciaa die nocxk asd aoAnls. 

ilT. &9. ExhaMl air, pivviN<t««d froM 1^ »o«di diroacii a taKe iato Gbm^ 
vaMT, coaTnts tiie Hear Ikjaid «« a lartiid vkiSif « Apwju g ^k fonaatioa of 
CuiMnaie c£ Laut^ tram, tbt Oaz^iaaic and of te VrrntW4 air. 

DeatJk jhffoipt im fra «r tirer mummie$ trica reffirafiam it l#- 
laZ/jf stutpetMUd; and premature deatii is no less ccxtaui, tboogli 
not so sudden, in all cases where tbe sapplT of air is peimar 
nentlj inadequate. 

If It is conadered that each inhalation of an aduh takes* on 
the average, a pint of air, and that there are 20 inhalations a 
minute, it is seen that 2l gallons of air each minute pass through 
the lungs. As this, when exhaled, poisons ten times as much 



37. In bamin^, what 18 consamed, besides the ct-^bnstible! lawhatcasais 
this proved? What weight of O. is r^aurd to bam 600 lbs. of coal! How 
macli in balk ? State the ratio of O. to coal for a grate^rc ! Describe and 
explain 57 ? 

38. What is said of Respiration ! What chan(»e does inhaled air suffer f 
Source of the moisture, 58 ? Of the Carbonic acid, 59 ! Consequences of 
an inadequate supply of air for respiration t Average anM>ant of air inhaled 
at once ? llow many inhalations a minatc ? 



Rll.-IUK.(Tli<.\ OK OXVU£.\ TO Tlltl ATMUM-HKUI!. 31 ] 

tnote, a Iinrrrl of air a nunuU is not sa Ditncccesary alluwaiica I 
for on adnll. ' 

A prnjier ostimate of the quantity of (lir rpqaircd by a mitlioi 
of people, will eliow tbnt & daily Enpply of about two cnbic inil«8 
of air ie requisite. Tbis indicates the tran»cendent iinpoHniirc, 
to life and Leultli, of winds, veutilatiou, and of all agencies tbat 
tend to keep tLe air in inotiun, and to funuBh a free supply of 
die life giviiig cleuicDt. 

39. The 0.. the vital clcroent of air, would therefore, uotwitL- 
■tanding titc vast extent of tLe atmosphere, become eihansled 
in course of time, were there no compensating influence by 
which to maintain the balance. . . 

The action of ccgetalion it tie compeittating agency by vhiiji 1 
O. it returird b> the atmotpfu^r. The watery vapur and tbs 1 
deadly poisonous Carbonic add, into which Lreatbiiig aud honw J 
ing conveil 0., are. by plant*, assisted by the snn'a rays, dccont'l 
posed) so that, while ibeir Carbon and Hydrogen go In build J 
up the vegetable stractaie, O. is again thrown out into the lui 

These opposing resuItB seem so nicely adjusted as to be e 



actly equal ; and O. ie ineesxantly moving in this circiiit, entering 
into cotubiuatiun through the intjaeuce of combustion and rcspi' 
ration, and then becoming liberated by the agency of the green 
loaf; and it is therefore constantly connected with the proccstHui 
of both animal and vegetable life. 

40. There are uo substances intimately resembling Osygeu. 
Sulphur, the siicth non-ractalltc simple in our coutkc, has perhapc 
as strong siniikrities to it, as any other simple substance. 



SULPHUB, S. Eq. IS. D. j 

41. S. like O.. ia found both in a tree state and in combina- 
tion. It is thrown out by volcanoes, and is abundant in their 
vicinity. 

■e doea ru adult require, and wh; ! How mneh 
■■-el What does Inis indicnic? 

_ ). of the Ktmosphere become cihaoalcd ! Wlmt 

fesniM O. eoiutanlly to the almosphere, and how < Whidi prodao 
KTsalMt effisct in refcreaea to absorptio '*' '" ' ' ' 

Dommff, or ihe ncdon of plaau ? In 
whatbiteonnueledf 

40. What iH said of ibc resemblances of other suhstonpea to O. ' What 
atatple aobatancc lias eirong similarities to O 'i Wliai is ihe sixih simpla 
noiloed! Mention in order the five proyiousljr noijcvd ? Sfmb., Equiv. aud 

conditiou is S. found ' 



Sa SOVftVKS A.VU I'KUPHKTIBS 1)F SI LPIIITB. 

H. in At) ntrmrtit of lite anlpAtretM, in rack of wbicli it ii 
l)im'»i, in ^-i-nfral, wifli some simple substfince. Suljihnret of 
Inni, cuiuieCiuff of S. nnd Iron, is one of the commonuet miner- 
al* ; nnd tbe Sulphnicts of LenA, Copper, and Zinc, am Ter3r 
nbnmUn^ 

S. r'untiincil with O,, fi>ruiB Sul]jhuric acid, which snited with 
b«H<i< ronstilulcs thv Sulpkalet. 

Saluhatu of Liino, consisting of 80:„ and LJme, CaO is the 
nort ilbuiidaut Sulphate. 

B,. boHdrs, exiats to a modrrnto eictent in plants and animalB. 

X'i. yalipe S., or 8. in tho natural, nncomtiined condition, 18 
ucnfirally iniiie1(>d with various earthy impurities, from which 
it in ■I'pnralcn hy fnBing it, and nmning it into moulds, tlins 
fi>nnin)[ tlm rrJl tulphur, or irimiloite of commerce. Also, it is 
purltiod \iy vn|Hirisation, the VKpnr being condensed into a ctys- 
talllno iKiwdiT, known as Jioitrrt of Suljihur. 

Wlirii n nolhl bi vnpiH-lini, and the rapor solidified, (ha [iiiwhiii Tb odlod 
ntUiMMttufl. oiul liw b II III I milled eab»caac« a lublimalt. 

Itl. on, HiHTlnK'Tin of 8.. in roll and id Howen ; also oT Salpfaaretof Laai! 
anil Hul|ihuHi of liiiiv. (i;;)MBin). 

4!1. tt. i» fjontirally solid, tint fuses at 336° and begins to 
<^viinomto liehiw that toinperatnrc. It boils nt G00°. .It is 
liyinlntile In water, bnt may be issolved in bisulphurct of 
(Jiirbon. 

Its color when crystalliuc Is yellow, but is white when it is 

Iwclpilatod. 8, is tasteless ; it gives the S, odor when warm. 
II lliu milid Btiito it is nearly twico as heavy as water, as seen 
liy the Di^iii'eH at the head of the section, 

H, In Eenerallv very brittle, bnt may be converted to a soft 
im|ivi'"MViIe roniiition, by fusing it, raising the temperature to 

III I .'idd', and then plunging it into cold water. It remains 

in I IiIh noil Htato fui many honrs. In tins case, though perfectly 
iluiil at 'J'J<)'*, it grnwa thicker as the temperature increases. 

lU. ei. H. i«nraniid to the loft condjiion. 

41, 8. in nil example of a dimorphous Hubstance. By this 
is nioant that It crystallises in two distinct forms, having no 



Wilh what i« S. cnmliineit in a Sulpharetl Explain ^le composition of 
the SulphalMl Moat ahnndant SolphaU 1 When doea S. exist in the 
romponnd i>lato boaldcs in Siilphar«ts and SalphaLos I 

4a. Wlmi two prociwM-9 for llio purifiwition of S, ? ■Wlim is roll brim- 
■tnnril VloweraoT S. ? Wliat in t iiblimMion 1 A Bublmimul 

Komi, riutliilUj-, boiliuK iioint, and Miliibilitj o{ H.! Color, tail^ 
and hoavlnaas or S.t Britllenesal How reiidored t<&'\ EBect of 

MoaninE of dimorphous ! 





w 



lilMtlUI>KISlil, AFFIMTIK^ A:klt r>F^ iiT MLMII 



relation to encli oUior. Tlic«c two 
foraiH arc, in case of S.| the rig/il 
rhoMiK tftahedron (fig. 17), niid iLe 
oblique r/mmhic pritm. 

III. ei . a. Models of the right rhombie 
octahedron, nnd oliliiiae rhomhic iiri^in. 

;//. fia, a, beitie fused U allowed lo rool 

tintil a crust faniig upon Its aorfitcc. Carefully breaking 
this crnxt, and polniiig oat the remaining liquid, rlendpr 
pri«Duuic crystals, belonging to the second form cj 8., ure 
■con crossing each olhor in all direclions, as in fig. IS. 

45. S. hue powcrflil affinities. Heated wllh 
aecesa of ur to about 300°, it takes fire, ond, as 
it bums, with a purple flame, forms Snlphurous 
Had. SO^. ( . 

SO, has tleaeting, as well as acid properties, ^''"■'•°'»'''*"'^ 
and is need in bleaching straw goods. It is SOt which nves 
the powerfully pnngeut odor tioticed whenever S. is bumed. 

tS. 63. Lighted S. boras in 0-, with a polo porplo Sajnc, the SOi formed 
prodacea s eload bj coodenBlng the vnpur of Walcr present, wiib which it 
nnileB; and this clood is abaorlKd by liquid water in the bottle in wliicb the 
OfKiiStJon is performed. 

tS. M. The EolntioQ of 60) reddens and bleaches litmas water. 

la. 65. Two or three grains of 8. mbbed with Chlorsle d( Potaasu de- 
lonatD violently 1 the S. luting 0- from the Chlorate, and forming S0<. 

46. On account of its rendy combustibility, S. is extensively 
used in making matches and gunpowder. More S. is coneumed 
in the manufacture of Sulphuric acid, than for any other pur- 
pose. 8. and its compouniiB arc much used in medicine. 

The seventh and eighth non-metallic simples are 




w 



SELENIUM, St. Eg. 40. D. 4.3, ffWr, 1, and 
TEU-UBIUM, To. Eq. B4. D. 6.36, Wata; 1. 



47. These two substances i 
ti known they are of little 






a nature. So far a: 
r use. They have 



n 



In what forms docs S. rrystuUizo ! Give the nnmc of each model, 61 1 
How 'a S. crvstalliuN) in 69? 

45. Aflinitiea of ». < Examples "> Effect of heating S. lo 300° ! The 
prodim of the burning of S. and its st-mbol i Properties and nso of S0(< 
Canso of the paiiKCDt sinoll when S. bnms 1 Dcscnbe the baming of S. in 
0., 63? Effect of SOion litmas, 64! Detonation prod need, 69, and whj! 

46. nsesof S., and why? Chief consuniption of S.I Medicinal uses of 
S.l What sro the seventh and eighth simples nolieed and tlieir symbola ? 
Kegical, in onlcr. Iho nnmes and symbols of the first eight simples > 

47. What is said of Su. and Tc. 1 



I m^ 



lAMF.M AM> Snrl'CBK. 
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MlrrrflK rewmblnncBi tji 8., mid like il nre rcailily combus- 

m». 

Tlitiv liHVd Momiitiiii'-R been inrtii^od among tbo metals, but 
1 Ae&cwwX. in tnpni-ity t» cimdutt biait aud electricity. 

U, H, HiHH'Imeni uf 8u. irnd Tu. 
'J'bu tiliitli limple Ih 



NITHIKIEN, N. A'./. U. C. .97, Air, 1. 



tnplw, I 



1H, N. in <ino of tbo mnro Abundant and important stmplw, 
It (ixiiitN in a fro<i stntv in air, and in coinbinatlon, in auim^, 
and ill WJinu vrgctnblc nnd iitincriil subslaiicos. Siucc it com- 
bliinn, by variouM nntunil inlliiencea, with O. nnd Fotasslum, and 
fiirnid Nllrnto of Putaasu (nitre), it is called Nitrogc*, a pro- 
ducer of Hilrf. 

Krnm tin incorrect nntion that it is poieoaoua, it has also been 
vullud azote, i. o., li/e ileitroyer. 



Ifig. 1». 



49. N. is moHt easily 
obtained by burning 
Phosphorus in confined 
air. By this means the 
O. of the air is con- 
verted into compouuds 
containing Fbospbonis, 
which are readily ab- 
sorbed by water. 

111. 67. Phoapborug bnm- 
cd iti a beU.^^liLfts (Hg. IS), 
over water, and tho cloud 
formed, washed from the H., 
by pouring the mixture into 
a Mttle and agitaliti)r with 



lU. 67, a. Bj taking > 

glaaa tnbc of HQiform boro, 

closing one end, lixint; a 

' piece of Pbosphorua within, 

ncnr the closed end, anil pla- 

.■iiler, Che Photpbonis wilhdniwa 

abaorlis the I'Ompouud formed, and in 



Their metnllio jiiDpertics f HI. 66 ! Give the naniB, symbol, equiv. and 
density of the ninth simple ! Repeat the nnmes and aymbola of the first 
nine Blmiile suhstannes, in the order in which they have been noticed ? 

48. Abundanre and importanco of N. ? Where i$ it ftoo and where in 
combination ! Why so called ! Why called omjIh i 

49. Ensioat proecsa fur obtainin;; N. 1 Doacribo the prorenn, 67 7 IIow la 
ilindicausl, 67, a, that onoliftb in bulkof ibo atnios|)bcro is U.? 




PRUPKBTIES AND L'SKS OK NITRLIGBN.- 



1 



Ibe WBter rbua onv filth of Uib 
n bulk of tbe air is Oxjg«n. 
fid, N. is a permanent gas, never baying been iiqunfied. It 
IB aligbtly soluble in water ; colorless, tastelese, and inodorous, 
and is nearly as heavy aa air. 

fil. N. is reniarbBDle for its weak alfiiiiLieit. It does not 
combine directly with any of the BimplcB. By indirect means 
it forms, however. iiumeronB compounds; but tbey are readily 
decompi:ised. 

TU. 63. N. and 0. lontrasMd in llitir action on burning. A taper repeat- 
edlf exlingnished in N,, but relighted in 0. 

52. N. is an unvarying element in flesh, or lean meat ; and, 
also, in all truly nutritious or flesh-forming food. Sugar, Starch, 
Onm, arrowroot, and such other substances as contain no N., 
though having their uses, as noticed hereafter, are therefore 
not really nutritious, being incapable of forming flesh, and of 
preventing the waste of muscle inseparable from animal motion. 

N. is contained in the seeds of grain, as in wheat, rye, oats, 
barley, rice, and Indian corn ; and forms in these, as well as in 
meat and miik, the really nutritious elements of food. 

N. seems to be always present in the substances from which 
both animal and vegetable tissues are originally conHtructed, 
has therefore most important relations to all material life. 

The tenth simple is :— 



PHOSPHORUS, P. Eg. 3S. D.ji;^'^ 



53. P. is a moderately abundant, though widely diffused, sim- 
ple. It eiists always in a STATE of combination, as In the 
PAotpha/ei, the Phosphurets, and also in animal and vegetable 
bodies. 

In a Phosphuret, P. is combined with some other simple. A 
Phosphate consists of Phosphoric Rcid, PO,, combined with some 



50. Physicikl properties of N. t 

51. For what is N. rt-niiirkahlo ! WliM is said of iM irombinalioa, and Uia 
oonipoQnila whieh it forms 7 Dcecribo the contnut between N. and O., SB ! 

63. Of whiit is N. on nnTJuring clement? Wbnt food is nufritioiiB ? 
Wliat is said of imgar, starch, &c., as ortidus of food? What eubsUtnccs 
MDI^n N- in a nutriiious nhrtpc '* BclnLionB of N. to mnterial life 1 Nama, 
■Tmtnl, equivalent, and densuy of tlio tenth simple ? Give the nameo and 
sjmbou of tEic ten in order f 

33. Abundonco of P. ) Slate! SubsUnces conUiuineF.I 
TCt? A Fliosphuiu ! 



I 



36 serscBs axd AmxmBs or nR5rvoBrs. 

54. Pho^pboms exists mtosi abmidmtiT ia the ikaw of PhoB- 
phate of Lime, which is an element of fertile soiIs» and mkoibimis 
m large portion of the mineral known as mpmiiie, 

Bj a chemieal procen, Phosphom is e xtiaited frott bones 
in which it exists as Phosphate of lime. 

d5. P. is a solid, InsiDg at lll^.and boiling at 554^. It is in- 
soluble in waftOTf bnt dissolTes readilv in oiIsl When fredi it is 
nearlv colorless, bet takes a rarietr of colors. 

It is tasteless. Its odor can never be known, owin^ to the 
chan^ which air effbcts in it. 

lU. 69. SpwimeB of P. aiovldcd into Ae rail crfindrical sticks. 
I a. 70. P. fuKd ander bot water. 
lU. 71. P. diMolTcd in w«m oliTesfl. 



56. The tendency of P. to enter into combination with other 
simples is generally strong. Its attraction for O. is particnlar- 
Ij euei^tic and is exerted at all known fempe iatorea l 

in. 7S. P. Immed in O. An intense l^bt produced. Fhospfaoiie add 
FO5 formed. 

in. 73. A small piece of drr P. wrapped in paptf and rubbed takios fire. 

III. 74. The P. fused onder hot water ham then, wben a stream of O. ifl 
fcrced npon it. 

m. 75. A ^TRiin or two of Phosphoms, being stra^ wben Ipog among 
Chlorate of Fotassa, explodes TiolentlT, since die P. taking O. InHn te 
Chlorate, suddenly forms a large qoantitr of ti^mmt, and thns prodaces a cob- 
cnssion of the air. 

Whenever exposed to the air, P. is continually combining 
with O. ; and this chemical combination is attended by a devel- 
opment of light, which, though too faint to be noticed in full 
daylight, is very remarkable in the dark. 

in. 76. P. shines in the dark. 

lU. 77. The solution of F. in oil shines, when the bottk containing it is 
opened. 

57. Although there is some heat produced when P. is exposed 
to air, it is less noticeable than the light. 



54. Most abundant Phosphate, and where found ? P. is extracted from 
what ? 

55. Form, fnsin^, and boiling points, and solubility of P.? Its color, 
taste, and odor ? Common shape, of P., 69 ? How fused, 70 1 Dissolved, 
71? 

56. Affinities of P. ? Its attraction for O. ? Describe the burning of P. in 
O. 72, and name the product and its symbol ? Effect of fHction on P., 73 ? 
How is P. burned under water, 74 1 Exploded, 75, and why ? Effect of the 
exposure of P. to air 1 Describe 76 and 77 ? 

57. Amount of heat as compared with the light resulting from the action 
of jjir on P. 1 



w 



PHOSFirufUlWKScK,— I **Hi- < 



The [iri>]ierty nf sliiiiin^ at t e mpg ori nres below .t ml heal, 
known as Phosphoretcfmrr, ia not pceulinr to P.. bat is pooscwed 
■ bj many sabetanccK P^ httwevrr, )ien>'" (WiTes its nnnie from 
the Greek •tjAot and pAero, signifying, 1 give light. 

58. To prevent llie aetion of air, P. is generallj kept wholly 
immersed in water. Frnm its liability to take fin: ^y the 
warintli of tlie hand, it can be safely handled only by l.eeping 
it constantly cold and moist. 

59. Considerable qnnutities of P. are consumed in mRkiog 
matches ; the mixture of P., on the match, ignites by the heat 
consequent on nibbing it. 

60. P. is an indiBpensable dement of animal food, ^m which 
bones and flenli must derive their P. It exists in bread, milk, 
beans, and peas, pitrtly in the form of Phosphate. 

No Boil can h« fertile which di>es not contain P. It may be 
■opplifld to soils by the appliciliou of bones, gtiaoo, animal 
manures, or an artificial Phosphate of Lime, known as Snper- 
phoepbate. Every crop taken from a soil iliminishes, to some 
extent, the quantity of P. present, and grazing baa the same 
effect. 

61. The thteesimples, Carbon, .Silicon, and Boron, the history 
of which is next to bo given, have among themselves some 
strong points of resemblance. 

The eleventh simple is : — 



CABBOS. 0. Z,. 6. D. jjaS^i;. 



G2. C. is one of the more nbandant elements. Tlie dtamt 
tiic most valuable gem, and the hardest of all Bnhstances, ia 
pore cri/»lallized C. Graphile, known also as plumhago and (/lack 
lead, ta essentially pure C, as whatever othi.'r substances it may 
contain, are not chemical elements, but mechanical impurities. 

Tlie same i-i true of anthraciu coal, and of wood chanoal, 

PUo^horciiccnvu ? Is il pci-almr to P. 1 Urlein of the name of F. ! 

68. llow is P. liienerally preserved, and whji ? Cnution in liaa'Dtn;; P. ? 

59. Uw of P., and why \ 

SO. or what is P. on indispensable clcniDBt. snd nh; 7 In wliM ronditkin 
dnei P. exiBt hi bnnd, milk, &c. T Wby is P. present in soils ? Bow arti- 
ficislly sapplied to them ? IIow is P. cxliaiialcd from a soil ? 

61. Mention two niroplia haviag atrong resombliutccs to Carbon? The 
elovMth lirapto noticed ; its sjuiIkiI and equivalent ? Mention Ihe asmes 
md symbols of llie first eleven simplos i [Give ibe respective densities of 
Diamond, Gmphitc, and Anthrai-ile ?] 

61. Abundance of C. ? What is aaUtoTSarnDDd! Ora)iliile! Aothnt- 
dto uad wood chaivoal '. 
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.. -"i\> i*r JkMBuH TBUPBRTIES. 

*> • >;..*^ ^ur!: a^ rbfiiir '(f wmrmi PennfTlTinia, 

-r--::::.- ant: uie F.nciifili and Novm Scotia coab, 

'- !i ir:::TarTTf . Dv rpadiij ticjinzi^ and bnni- 

.^'. ^ui.i^: ir aiv-.'CziT at' die bixxunoi whkh thej 



r-'-i:^'*: ~: "Sit n ?r*!* c ' n i :«on dS ri u ar emsinuing * 

If. w irii. MT IlMlltaiiaidli of ?«KI ID OOBK* 



n- »»:-:■ ■.. — r ' ^ " " — -— -• i- 






■ ... ■. . •• 



sDii ves^abk mbeumcetf of 
;:- L-ir u:iy are compleCelr dried. 

^ - . -■ - -r - t'ss taazi ,-j^ of the air. taken 

"^ * ' i^ - . r> :" r => rf C- ia the atmosphere 

• «. • t^.- .-^ <rv r rr-t- Ca^^t''lIatess. in which it is 

■ "• * ■ V .i> r^sar*. t'ar^'aaa? cf Lime, the moit 

« ." .V ..>. :*:.■> Lie* IiTnt^v-nes* marbles* and 

■ * * * > .. .> ■ >.r..*. .\rx->. asd boce& C. also exists 

i . * : :. . .r r.A.-^rxl cs--*-?^ a::d in peac lignite, and 



' « < 



•'■ *■ S-^V./, . -.x .-,■ ..ttwxV.?*fv ATTV. 



■■•*■ V .s. 






-.- i^ .VTT--,. &:^ .7 ills'.* lid. anthracite* and 
-■ :i' :■.' f^?^'^.' jLr..: evtz Tiporaed- though 
^ -.^ .:.• / .>. .v. V. ,■ :-; j,.-..-»r.. rr.\:"=cts2 bv the most 
• ' •■ •.'■■^*. . ..f. . > *. i* r.-...-.:.E'*as. asii ct vanons tints 



..* 



,, * • i'':- " ■ ^ .-■^ > f.:,^ !rc :rr.-.> are qmtc different. 

I .y...^r:.. ^v:., y ■_ : .^;, ^.^ t\:Tiv:i\v Ykt:.. ^IMe craphiteis 

'^^- »'- ,■...> :.: r.ark..,: .r. paper, are made 




S''?otl.''hVV !, ''''""^ "'•'■' /'•■ *''*' ""^"^ ^"x^. i^-^ Color? 



(MXITIlut-IEU ,1 

Garnet pxi-lnsiTel; nf it. 
difficulty, while aDlliracid 
Kg.w. 



lintjiliite in nnly bnni«l with cxlr 
is uiore readily comboGiible. 



"^■Bi^^^^ Diamond Crystatlises (A. 

Utf^ OcoMrou. 3), in regular uJahtdremt (fig. 

SO), and allied formB ; graphite in haagnnal pranu (fig, 21).* 
DiamoDdfl are transparcat, while all other fornu of C. are 

2iaqiic. Diamond, anthracite, and graphite, therefore, aie three 
liilrojiie Gtatee, or distiuctly different conditions of C 

III. 83. ModcU of the n^lar oriahcdnm, *od of (he hexigonal priam. 

66. The affinities of C. are nolnerons and Kg. M. 

energetic ; when acting ajlificially, the C. 
being nearly ptire, they are exerted only at 
high temperatures. 

In rcRpiration, fermentation, and the decay 
of animal and vegetable snbstancefl, C. com- 
bines, however, with 0- at moderate tempera- 
tures, forming Carbonic acid. 

Intense heal and ligbt are produced by burn- 
ing coal, and substances rich in C, as seen 
especially in blast fiirtiacea, and other con- 
tnvanccs, in wliiclt the fire is supplied with a 
pTofbaon of hot air. 

ro. 83. Charcoal hamed in O.. (fig. 22,) with Ihou- [ 
esnds of brillianl seinlillatioas. 




1 rides, besides iia buses, «r 



What a mi?anl hy Eajinj; that diamond, praphhc, and snthrarilo, ani 
dLtn^ae itolcs of the same galislaiKW ! Dcwriln llio Regalitr OctahednHi 
and die herin^nBl prism ? 

OS. Affillitii:^ of C. 1 In whut processes docs C. i 



(Ml in 0-, a 



s, and what is tiio prwlort? lh»rrib«i thu baming of 



k 
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Onrbonic acid, CO,, ia formed wLenever coal, grapluto, w 
diamoudi is burned in air or in 0. 

67. Tliu pr(-pnration of a.niinal ftud vegetable charcoal hy 
lieating or burning wood and bones in cIoro placexi witli a verr 
limited supply of air, depends on the fact, that the G. which 
these BuhHtances canton, is Ibbs volatile and combustible than 
their Hydrogen, so that the latter is driven off or conaumed, 
vhilo the fanner remiunB, 

68. 0, serves a great variety nf important natural and arti- 
ficial purposes. SubstanccE conuBting either wholly or partially 
of C. are consumed to produce heat and light. Charcoal is one 
of the elements of gunpowder. Diamonda are employed to 
cut glasB. 

Charcoal, being exceedingly porous, is capable of-*largely 
absorbing gases and coloring matters. On this account fetid 
water is rendered sweet, by filtration through wood charcoal, 
and the colored syrups of brown sugars are whitened by means 
of aaimal charcoal. 

lit. Si. LitmuH blcadied by nitration through animal vharoial, 

69. C. is largely an element of all kinds of food. It is also 
the chief ingredient of that portion of soils which has been 
formed by the decay of plants. It is in such soils as have a 
large share of this vegetable mould that the most luxuriant 
growth of plants is seen, 

70. The sitnple substances having the strongest analogy to 
Carhou aio Silicon aud Boron. The twelfth simple is 

6IL1U0N, 6i. E^ealent, 21.3 

71. Silicon, after 0„ is the most abundant substance in nature. 
It exists only in a state of combination, chiefly in the form of 
Silicic Bcid, 8l(!)„ which consists of Si. and O. 

8iO, is nearly pnre in different kinds of quartz rock, rock 
crystal, flint, and sand. 

Is tlio proiind: of tho cDmliuEtion of the dilTcront fortiiB of C. tho aajno. 

B7. Oil wlwt principlo does llie preparation of charcoal depend ! 

GS. Mention okks of the various fonaB of C. 1 How is it that fetiil water 
is sweetened, and sopHr Bjmp is Ucachod, b; filtration throngh duu-codl 
Litmos water bleached, 84 ! 

SS. Wliat U said of C. in food and in soils % 

70. What Bimpica are most similar to C! Name, symbol, and equiva- 
lent of tho twelfth simple t Give the names and symlioU of the lirsC twelfs 
Bimplos in order ? 

71. Ahnndanoo of Si.! Natnml Btalo! Comiiosi(ion aad symhol of 
"'-"■■- "■ Wlicre is SiOj fuuuil nearly [luru! 
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It takes its name from ttlex, flint, wbcncc the name of Si, it J 
ileriveJ, 

SiOj forms a largo »imre of granite nnil tifenilf. Silicates, < 
a«cli compounds of Silicic ai.'ii! with boBcs, ua »cijiaitiiK, tai^ i 
and JeliUjrar, are aliw abundant. 

III. SG. Sperimen* of rork irrfulal and qmuti. 

III. 86. Bpecimeiis of talc, Bcrptnline, und fcldiipor. 

7S. Si., which is iaolnted hy a somewhat difficult proc«Hs, i% J 
when pure, a brownish wilid, iuEohible and infusible, but cumbna- f 
tible in air, burning and combining with O. to form SiOa- 

73. Ae a simple. Si. ia of verj little importance, but in the 
compound state, as SiOn, it is an importont element of glass and 
of plants. It is found especially in the stalka-of grain and the 
grasses to which it luds to givQ inflexibility. This, aud Its great 
abundance as a niincrnl element, place it among tbc must im- 
portant simple substances. The thiiteenth non-metallic simple 

BOHON, B. eguuvlmt, 10.9 

74. This substance exists in horax, from which its name is 
derived, also in Boracic acid BOj. Borax is a Biborate of Soda, 
consisting of BO, and Soda, and is found in the waters of sev- 
eral lakes of Thibet. 

Boracic acid abounds in the volcanic vnpors of Tuscany and 
the Lipari islands, from which it is extracted for the manufacture 
of borax- 

lU, 87. Bpecfanana of Boracic acid and borax. 

75. Boron closely resembles Si., in its physical and chemicat'l 
properties. It is not very abundant as compared ijith O.,.™' 
etc., and is of no importance in the simple state. Tbe^urtoe' 
and last non-metallic simple is ^ 

HYDKOGEN, H. Eq. I. Deiisits .0692, AW, I. 4 

76. H. is one of the more abundant elements, constituting a 



Nome, iTinboI, iitid I'qnivalent of the tliinccnch siinplo? Names and sjm- 
bols at itUi first diirtccn aimgik's in order ? 

74. Natural rotiditiunH of B., nnd origin of its nonic? Sources and naei 
of Boracic odil t 

75. Pro[iCrtiEB, Qbaodnn™ and Importance of W.t Narap, sjmh., cqniT, 
and dansitj of tho fuQrtcunlh niiniilo 1 Give, in order, tho DBmCB and Bjnk- 
^-|( rf the fourteen nun-melallic Bunplo sv'-* ' 

"^ Abundance of II, '. 
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portion of ainiiinl <an(l vcp^ctaMc siibstaiiccp, and existing iu 
many minerals. It is found only in a state of combination. 

77. II. is always obtained horn water, of which it forms I 
part. 

There arc several methods of obtaining H. from water, as by 
the action of electricity, by means of a metal alone, or by the 
action of a metal assisted by heat, or an acid. 

111. 88. Water decomposed by the galvanic bat- 
tery ; its elements, Oxyj^en and Hydrogen obtained 
separately. Mixed and lircd they reunite with a 
detonation and fonn water. 

///. 89. Potassium introduced into an inverted 

flass of wntor, over tlie pneumatic trough, liberates 
I., by wiiiulrawing and combining with O. to form 
Potas.^a. 

///. 90. The II. inflamed. 

///. 91. Chips of Iron, in water containing one 
tenth iu volume, of Sulphuric acid, SOa,* liberate 
H. with effiirvescenee, and the formation of Sulphate 
of Iron, FcO,S0r. 

111. 92. Zinc, Zn. acts in the same manner, taking 
as Iron do'js, O. from the water HO., to form an 
Oxyd, ZiiO, with which the sulphuric acid, SO , 
unites and p/o I ijj/5 Sulphate of Zinc, ZnO,S0a.t 

77, a. Tlic materials fin* the liberation of H. arc 
usually placed iu a {.^Inss fla.sk, but when considera- 
ble quantities of the gas ai*c required, a cylindrical 
copper fvohfii; J] I'vx- 23, luiving a second cylinder 
inside of half the lieighf, ni:iy be used. 

The inside cylinder at the bottom contains a basin 
pierced witli holes liktj a colander. This bsisin sup- 
ports the zinc. Tlie t0]> of the inside cylinder CopixT Hydrogen Kvolvcr. 

♦ The Sulphuric iicid used is HOjSOa; but the presence of the water, HO 
may for the present be overlooked. 

1 The chemical changes in these, and in all other cases, may be represented 
by a diagram on the black board similar, in plan, to that used, fig. 9, to ex- 
plain the clmiiges in obtaining CI. 

By this means greater simplicity and interest will be given to a part of the 
gubject with which the learner should be perfectly famiUar 




. Where is H. found, and in what state ? 

77. From what is H. obtained ? What part of water is H. ? Mention the 
several methods for obtaining H. from water? Describe the decomposition 
of water by the galvanic battery, and 88, in full 1 What metal is used alone 
in 89, to decompose HO., and what is the result ? What is done with the H. 
in 901 How by means of a metal, assisted by an acid, is H. obtained, in 
91 1 What substance is fonned, how is it formed, and what is its symbol? 
Mention the changes, the products, and their symbob, in the action of Zinc 
on the water and acid, 92 ? 

[77, a. What is generally used to contain the materals for the liberation 
of H. ? Describe the copper H. evolver, fig. 23, and the particulars in refer- 
ence to its use?] 




TbrficnoRfMMd 

or lr*ter, (n)m Akfe^kv. 

TbB ptoeen lor ataiBBC H. Wae^ if ■ ■^^■■1 iiH, 

it ■» l^a. .1 llMMMt. I>» rf I 



'i£r':s 



1^«.-. 



Iron RtMH Ac O. I* An Oxjd d 

m. 93. H. <alkcMl Mm- 

Ump heM ii re n«ini J to a»- 
■iil the CTcdnng^ protok. 

78. H. is ■ iwnDUKiit 
gas, bsTing betn nb 
jected like O. and N. to 
a preasare of 800 iImo- 
spherea vitlioiit Eqar&e- 
tion. When pure, H- b 
colorless, taatdf^e, rno- 
dorons, and rerv lUgbt- 
ly Boliiblc in waiter. 

H. is the lighted 
known sabstancc 
specific gravily Wing 

only .0692, or more than , 

14 times less than that 1^_' 
of air. Nearly 100 gal- *" 
Ions of H„ wuie meas- 
ure, are required to weigh ■ Troy ounce. One pound of H^ ' 
t, e., th« H. of nine ponndg of water, when liberated, measures 
1412 wine gallons, and a gallon of water contains more than 
1300 gallona (more nearly 1306.88) of H. 

Itt. 94. Soap babbles fill<»] with H. rapidly ucend. Ijgfated the; bttis 
with a silent Batih. 




[In wh«t way is H. extracted by means of & metal and heat!] 

How is U. voUecwd in 93 ? 

78. To wliat preasDm have O. N. >nd H. been subjected without liqactar. 
tilml Color, laato, odor, luid c.jl^liCy of B.T Its li^tnesa and an. gr. ! 
nnch in volume of H. ia rcquirvd to- weigh a Trov ounce % Bulk of % 
'«fH.! How ninny gallons of IL in onDgaUon of water' rrap«niM 



DIFFU^ilVK I 



. anl in ailditioD to lifi'a li^it irei|Hil, a> > «Ock. 
U. M. It. hcin;; li-„-hIi:r thaa aa.'a rolWrtvA oiernr. i. (-.t^lkBti 
It of air, poHsing i[ into an inTciled boRk ■> in fig. M. 
Eg.**. 



KgM. 




T 




79. The tendency of gaBcs to niinglo with each other, tft '} 
flprcad tliemselveB ont into Rpnce, and to pass through minute 
orifices and pores, known as the diffunee teadeKcy, or diffksive 
power, is possessed by H, to a. greater degree than by any otheK 

substance. 

III. 97. H. pflssL'S rapidly through the inleredccs of a poroua f^vaoLB bat- 
Ifry tup, so aa allcmalely to produce a cordensntion and a vocnnni, whan 
the eup ie repeatedly immereed in a bell i^laae of H. lU shoim by closing Iha 
vnp with a eork, inverting it, and passing an open tnbe throil^ the cork do«> 
iiiloahottloofcolorcd water (fig. S5j. Firstly, ci« the 1^11 of H. in held orec 
lliu cup, the gna poasca down throoj:^ [he (ulic lind tlio nubbles rise throng 
ihu ivaior, niri Uicii, when tho bell Ja slowly lifted, llw colored water rieea in 
tlio tutio. 

DBwribo the smnll halloon, 95 ? How uiid wliy may H. i>e collcptod bj 
diaplaoint; air' 

79. Wliat id meant by the difastiyi tcudnnc-T of piwea 1 Biffusiva power 
Df U, ! Desi-ribelbc process for iliu^tnuini; tliu diU'u-siun ufll., 97 7 
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90l TItP alEnitics of R. «t* extensive and cnprgctic. Wilfc 
[ fecess of air it may be lighted and bums by coiubinini^ <rilh O. 
t Uid forming water, wlieDce its Dune frain the Greek, kmJor, 
I water, and gmnao, I generate. When pnrp, il bnma elowly 
and silently, but mix«d with 4 its volame of 0., or eeTeral 
times ks Tolame of air, it explodes, when lighted, with great 
force, in coDBeqaence of the sadden eipaaaion of the Bteam 
' fermed by the combination. 

iO. 99. A loTfce iDTened hoitlc of H. burned (ilenilr uid ilowlf, ibe Suite 
being onl7 around the tnoolii. 

III. 99. A lighied upcr exiiiigaislicd iihep immerMd ia the mmtod bottla 

ja. IDO. The H. in the bottle, when ereot. F^, M. 

buniB lapidlr. Bad the flame enlen ihe bol- 

Uc. 
ni. 101. The EL lighted at the top of a 

bell-gla««, aa the gla^ ia raised fron th« 

cistem, barn 9 with a double explosion, 

■ince there are two Bnecessire mixturea of 

H, and air. 
III. 103. A louder expbiaioti GnallrensDes 

when the mixtore U fanned more slowij in 
' an open metallic double eone gas pislol (tig. 
I te). The H. la iiffhted at a small orilice to- 
I ward the top, and boms Ibr »ome time ai- 
' lentlj ; dien begiiu a hamming found, which 
' grows more inlL-iuieanlil the explosion occurs. 
I lU. 103. Soap babbles i^ mixed O. and 

B., there being two volnmea of H. to one of 
. O., explode liolentlj when fired. 
I M. 104. The vapor of water, formed by 
t die bnmins; of U,. condenses on a cold dry 
I bell-ghus, held over a Hjdrogen Dame. 

la. lOS. A gaa-piatol hcin^ BUed with iho 
I mixture of O. and H., a violent explosion in- 
: slant]; followa the application uf a flame. 

I 81. The flaine of burning H. posaesseu so little light, as to be 
I invisible in suiiEhine, owing to the (act that it is purely incnn- 
detnent* gas. 



1 




* Incandescence ia the property of bt 



Inminona at high tomporalnres. 



cUled? 






. ait. Affinities of H.' Why ie 

-Saw, when mined with ajr or O. '. .„-.-- 

\fS botda, 9S ? A liKhlcd taper in H. 99 ? The burning of H. in an erect 

Jnttle, 100! Bvlif^linB tUeH. at the topofabellglass, ion Ita hnmine 

Jba donbla cone-pistol, 102! HjJro-Oxvgen sonp-buUblea, loa' " — 

«TB that water h lonr '" .<---.-. . 

81. Ii^*torn flam 



iPi'i by thebunilneof^H,, liM ' II. piatol, 1051 
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At llie same lomperaturp, « solid bixly is mnch more biglily 
binonit tlinn n Wly of gas, bdcL fis constitutes tbe flattie wlien 
, bunts, fiiid na fnriiis ilie larger sliare of flame in all cases. 
The Haine of a i:andle, or of a gag-ligbt, ebines chiefly on ac- 
Bnt of tlie soVkI particles of Carbon iti it. Tbeae particles are 
rived from tbo (Jnrburctted Hydrogen gaa which is tbe prtn- 
mi eleinp.iit in such Hamee. 

... _ . 'i'bia gas consists of Carbon and Hydrogen. 

JL 'I'lie H. being more readily combualiblc, bum* 

first, and tbe C. thns set free in fine particle*r 

thickly floating in tbe flame, they are heated 

BO (IS to give it nearly the brightness of a man 

J ft:^. of solid Carbon of the same temperatnre. 

\ ^ V. '"■ "*■ Ths fuinl appearance of the H. Bune. 

'"■ lU. 107. Flartnom held in ibc flanic, is much mow 

InmlnouB, (hough the ealid can be no hotter titan the 



^ 




r randlo-flaise. 



connection with the burning i 
tU. 1 10. Musical soaadfi of H. 
83. When ft jet of H. blov 
is a higbly pnrouB mass nf 6) 
sponge becomes so hot as to : 
tuTO of H. and 0., or H. and 
of tbe sponge. 

This is owiDg to the fact that 



8S. By holding glass tubes of different siaei 
over tbe jet of burning H., as in fig, 37, mn^-" 
cal tones of various pitch may be prodncefl? 
These arise from the detonations connectecE 
with tbe rapid succession of tbe blowing ont, 
and re-lighting of the flame. Tbe draft of air 
througli tbe tube extinguishes tbe flame, which 
is re-lighted hy the hot jet-pipe. 

'lar sounds are somefimes noticed in 
Camphene lamp, 



upon R Platinum sponge, which 
particles of pure Platinum, the 
t fire to the jet. A suitable miz- 
lir, explodes on the introduction 

1 largo volume of H., as well as 



Compurntivo luminoiitj of ?o1ida and of gases at tho same icmpcratara I 
T)ic Hiiiiic of n (undlc or gas-JL^thtiWhylaniinQna ! Eiqilaiti the connritnlkin 
nf illuininiiiinj; flume! What ia shown, 1 00, of the H. flume 7 Platimun, 
107 ! UliiBB ill U. Itiimc, 108! In gos-lifchl, 109! 

Sa. Miini.-iil tojiiB, how producpd, nnd wliy! Ill, 1107 , 

Wliut iKl'InliiiumsiMmgo! Kiwult of project in ;; H. npoii it! Cnuso' 



Wig. SB. 



ACTIOX OF PLATINI 

of air. is attracted and condensed in the pores of the sponge ii 
a very amall space ; this conilciisntion causes chemicni coinbtnai*! 
tion with BO much lieat as to make the sponge glow and flrtj 
theH. 

Sometimes a Belf-re filiating E. 
jar (fig, 28), containing Water, Zinc, 
and SnlpbDTic acid, capable of pro- 
ducing H, at any time, and having a 
Plalinnm sponge attached, is placed 
upon a eheif and used instead of 
matches. It is only necessary to 
let out the H. for an instant, in or- 
der to get a light. The apparatus 
is, on Qie whole, as economical as 
common matches. Since Professor 
Dobereiner, of Jena, in 1824, was 
the first to notice this property of 
the sponge, the apparatus may bo 
called a Dobereiner Jar. 

The sponge is easily made by 
dissolving Platinum in Nitro-muri- 
atic acid, precipitating wit 
junmoniac, and heating a m 
th^ yellow precipitate" supported '^ 
OB a net-work of Flatinnm i 
to a, bright red heat. Dob^rempr Jm, J 

lU. 111. Platinum spoD^ modo. 

lU. 112. A jet of H. lighted b; mGans of the sponge. 

84. Notwithstanding that the flame of burning Hydrogen is 
extremely faint in regard to light, its temperatuie is very high, 
and it may be made the hottest of all fires. This is dne to die 
large quantity of 0, required to burn Hydrogen. ■ 

la. lia. A flaak of water boiled by mcaiiB of the H. flamB. ; \ 

It is held to bo theoretically true that in all fire, no matter 
what the combustible, where equal quantities of 0. are con- 
suned, there are equal quantities of heat produced ; and that 

* This precipitate is the doable Chlorid of Ammoniiua and PlaCinnnt, 



li^tetC 1 

M. Heat of the H. flame, anil wh^? How ia wulcr bciilod in 113 
it the theory in rcspcrt to the cjaantily iif lieat from coinbiution t 
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' THE HEAT IN COMBUSTION. 






llie nfnoiiiit nf lieat ib nlwnys in proportion to Uio 
of (>. 

In tliis rosjiect, tlieory and experiment agree. For example.' 
a given woigiit of II. is cnpnble of i;orabiiiing with three times 
as miicli 0., nB the same weight of C, and therefore a ponnd 
of II. in limning sliould produce tiiree timea as macb beat ns k 
pound of chnrcofll. 

By experiment, it liaB been found that while a pound of char- 
coal, when burned, will prodnce heat sufficient to raise the tem- 
perature of 78 pounds of water from the freezing to the boiling 
point, a pound of H. will, by its burning, give beat to bring 236 
pounds of wntcr from freezing to boiling, which U almoat pre- 
cisely three times the effect. 



TOMUUSTmUK AND QUANTITY. 

Cliarcoal, 

Wood, having J Water, 

Alcobol, 

on, 

Uj'drogen, 



T/rttriwI" 
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85. Tlie moBt powerful effect of the burning of H, is seen only 
in connection witli the Hydro-Oxygm Blowpipe, a contiriVanoe 
for burning a stream of U. in conjunction with one of 0/ ' 

ThiM pi'oducGB the hottest fire known, and is capable of fUnng 
tnoHt Bolld BuhRtnnceB, and of consuming nil combnstiUeti. By 
it all the metals are fused, and by the same means they are 
burnnd, that is, oxydized, and even dissipated iu vapor. Its 
flatne thrown upon Lime, causes the Lime to glow with the most 
intenflo light. 

This light is known ns the Lime, or Drammond light. Drnrn- 
mond originally made it by directing a jet of 0. through the 
flame nf a lamp upon a ball of ],ime, by which means a nearly 
oiinnl ofl'uct is produced. 



I)n theory and experiment ogrup ' How is this jiroTcd in roapect to H. 
niirt C. ? 

H&. Ilonv ifi tho ifrcatfst eflect or the heat from boming U. obtainodl 
"Whnt l« thu IlydPO-OxTtrcii hlowijijio ? What Wind of fire docs it prodoi " " ' 
whiH, iiro it« cffiK-ts? ■lu -""■-- — •-'-' "" -- ■-- .1.- -r- — — 



1 mtlniB' What ii 



Lime, or Dmm- 




li 
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lU. 115. The Hydro-0xy|2:en blowpii>e, arranged with concentric j«ts (fig. 
29), and two arms': one continuous in 

divBction with the jets, to wliich the Fig. 29. 

tabe supplying the O. is attached ; the 
other at right angles, for the II. 

lU. 116. Iron rapidly burned in its 
fi&me ; Oxyds of Iron, FetOa and 
Fe:iOi, formed. 

III. 117. Zinc burned with the for- 
mation of a cloud of Oxyd of Zinc, 
ZnO, whidi constitutes the best white Hydro-Oxygen Blowpipe, 

paint. 

lU. 118. Tin bums with a purple flame ; Oxyd of Tin, SnO^, formed. 

Ill* 119. Lead is converted into litharge, a yellowish brown Oxvd of I.K!ad, 
PbO. 

III. 120. Bismuth bums, forming a whitish cloud of Oxyd of Bismuth. 

III. 121. Antimony rapidly oxydizcd. 

lU. 122. Silver converted into a cloud of smoke. 

III. 123. Copper produces a green flame and a splendid green light. 

III. 124. A small piece of Lime glows with an intense white light. 

III. 125. Platinum, which is fused in no other fire, rapidly melts. 

III. 126. Steel bums with showers of star-shaped scintillations, peculiar to 
the burning of Carburet of Iron. 

III. 127. Cast Iron bums with thousands of brilliant sparks. 

86. This blowpipe flame, previously stated to be the hottest 
of all fires, is a mass of 0. and H. combining together and form- 
ing water. Its heat is equalled in intensity only by the action 
of the electricity of the galvanic battery, which is not, properly 
speaking, a fire. 

The most powerM galvanic batteries have produced effects 
exceeding those of this blo-^pipc ; but the operation of these 
Jbatteries is generally dependent, in part at least, on the decom- 
position of water. It is therefore in connection, either with the 
formation or the destruction, of water, that the highest known 
temperatures are produced. 

The measurement of these very high temperatures is entirely 
beyond the capacity of the common thermometers ; but the heat 
necessary to' fuse Platinum has been estimated to be of an inten- 
sity equal to .three or four thousand degrees of Fahrenheit's scale. 

^— ^^^■^■^M^^—^i*^— ^^^^"i^"^— — ^^-^ — ■■ ' — " ■■ ■■■■■»■■■■ ■■ ■ I ^1^—^^ 

Describe a form of the Hydro-Oxvgcn blowpipe, 115? Appearance and 
product from burning Iron, 116 ? Ziiic, 117 ? Tin, 118 ? Lead, 119 ? Phe- 
nomena of burning Bismuth, 120? Antimony, 121 ? Silver, 122 ? Copper, 
1231 Heating Lime, 124? Effect on Platinum, 125? Steel, 126? Cast 
Iron, 1271 

86. Describe the Ilydro-Oxygcn blowpipe flame, its products and compara- 
tive results 1 Heating effects of galvanic batteries ? On what do these bat- 
teries generally depend 1 The connection of water with tlie production of 
high temperatures 1 Measurement of very high temperatures 1 

3 
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111. 128. Gunpowder flashed, and Iron rendered incandescent, or fused, by 
the ^Ivanic battery. 

87. Froin what has appeared, H. is seen to be an element of 
great importance. Its eliief artificial uses are in aeronautics, 
and for the Hydro-Oxygen blowpipe which is employed for 
fusing Platinum, soldering Lead without the use of any other 
metal, and in scientific research and illustration. In nature, 
H. plays an important part, as it is an animal, vegetable, and 

' mineral element, and exists especially in the coloring matters 
of plants. It constitutes a part of the food we eat, as well as 
of the water we drink. 

88. H. has intimate chemical relations with the metals, which 
are next to be noticed ; but it will be well first to take a retro- 
spective view of the fourteen non-metallic simples already de- 
scribed. These are — 

1 . Iodine, I. 5. Oxygen, O. 9. Nitrogen, N. 

2. Bromine, Br. 10. Phosphorus, P. 

3. Chlorine, CI. 6. Sulphur, S. 

4. Fluorine, F. 7. Seleneum, Se. 11. Carbon, 0. 

8. Tellurium, Te. 12. SiHcon, Si. 

13. Boron, B. 
And 14. Hydrogen, H. 

111 129. Specimens of I., Br., CI., O., S., Se., N., P., C, and H. 
111. 130. Specimens of fluor spar, quartz, and borax ; the first containing 
F., the second Si., and the third B. 

89. The grouping of these simples according to their chemi- 
cal relations will be referred to farther on. They may now be 
grouped in accordance with their usual mechanical forms as 
solids, liquids, and gases, and otherwise compared as follows : 

Eight solids, viz., I., S., Se., Te., P., C, Si., and B. 
Five gases, viz., CI., F., 0., N., and H. 
One liquid, viz., Br. 

Of the solids, C, Si., and B., are infusible, or perhaps in case 
of C. fusible, though with the greatest difficulty. They are 

Heating effects of the galvanic battery, 128 1 

87. Importance of H. '? Uses? Uses of the Hydro-Oxygen blowpipe? 
Part of H. in nature ? 

88. To what class of substances is H. related ? Mention the fourteen Non- 
mctiils and their symbols ? Mention only those you have had in an isolated 
state before you ? What substances are exhibited as containing F., Si., and 
B., 130? 

89. How many and whicli of the non-metals are usually solid? gaseoasi 
liquid ? Effect of heat on C, Si., and B. 1 
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fixed in the fire ; and heat, without access of air, has no other 
effect than to convert them to allotropic conditions, in which 
they are less readily acted upon by chemical agents. 

I., S., Se., and Te., are easily fused, genersuly at moderate 
temperatures, and all below a red heat. They are also readily 
vaporized ; and, instead of belonging to the class of fixed sub- 
stances, like C, Si., and B., are classed among the volatile sub- 
stances. 

Of the gdMegf GL and F. are freely soluble in water, and are 
also condensible by pressure into limpid liquids. 

N., H., and 0., are very moderately soluble in water, and 
have heretofore proved unliquefiable. 

The liquid, Br., may, without difficulty, have either the solid 
form or that of vapor. 

Of the 14 simples, 0., N., and H., are colorless, tasteless, and 
inodorous : the same may be said of C, especially in the form 
of diamond. All the others have some sort of color ; I., Br., 
01., F., and S., are remarkable for their strong odor, and they 
all have Bome taste. 

90. In their relations to burning, I., Br., 01., F., and C, sus- 
tain the burning of substances tbat may be consumed in the air, 
but they do not bum in air, nor by means of O. These five 
simples have therefore received the titles of supporters of com- 
bustion. 

N. neither bums nor supports burning. 

lU. 131. P. burned in the vapor of I. and Br., also in gaseous CI. and O. ; 
while none of these four latter substances take fire. 

m, 132. When a taper is introduced into N., neither the N. nor the taper 
boms.- 

S., Se., Te., P., 0., Si., B., and H., are combustible in air, 
burning by combining with 0., and forming Oxyds or acids. 
They ace hence called combustibles. 

lU, 133. S. and P. burned in O. 

lU, 134. A mixture of charcoal and Chlorate of Fotassa, if ignited, pro- 
duces, by means of the O. of the Chlorate of Fotassa, a very rapid burning, 
showing the ready combustibility of pulverized coal. 



Mention the solids that are readily fused and vaporized ? Which of the 
solids are fixed, and which volatile f JPorma of Br. ? Which of the simples 
are without color, taste, and odor ? Mention those gases which are readily 
soluble and liqnefiable, and those which are not ? Mention the simples whicn 
have color? taste? odor? 

90. Rel^ons of I., Br., CI., F., and O., to burning? Of N. ? Which 
of die simples have been termed supporters of combustion ? In what sub- 
stances ifl i*. burned, 131 ? P. in N., 132 ? Mention the non-metals that are 
combnstiUe in air, and tell how they bum ? How are S. and P. burned, 133 ? 
Charcoal, 134 ? 



rt2 CONTRASTS OP TIIK SIMPLES.— CHARACTERISTICS 

Tlio five Simple pnscs, CL, F., O., N., and H., have been seen 
to net very difterently in respect to burning. O., N., and H^ 
being alike invisible and inodorous, are not easily distinguished, 
unless tested in tbis relation. For want of a reiady process for 
obtaining F., it is omitted in the illustrations. 

lU. 135. A wax taper in Chlorine bums faintly, with a copioas smoke, or 
lA extin}>:ai8hcd, bocause CI. has a sufficient attraction only for the H. and 
not for the C. of the wax. The CI. does not take fire. In O., the taper 
bums brilliantly, since O. combines rapidly with both C. and H. In N., nei- 
ther the taper nor the N. bums ; and in U. the taper is extinguished, while 
the II. lights. 

90, a, O. and H., tbo two elements of water, may thus be 
contrasted with each other : — 



HYDROGEN 

is lighter than air ; 
burns in air ; 
does not promote 
burning and breathing. 



OXYGEN 

is heavier than air ; 
docs not burn in air ; 
promotes burning and 
breathing. 

Both 

exist in water ; 

are gases ; 

C color, 
are without < taste, 

( and odor. 

01. The chief clinractcristic properties, uses, &;c., of the non- 
metnllic simples are as follows : — 

I. forms a violet vapor, is contained in sponge, and is used in 
ntedicine. 

Br. has a powerfully pungent, fetid odor ; is a deep red 
liquid, and is used in photography. • 

CI. has a yellowish green color, is an element of common 
salt, and is used in bleaching and disinfection. 

F. combined with H. nets on glass, and is used for etching. 

O., the most abundant element, powerfully stimulates burning, 
and is concerned in all ordinary fires. 

S., wbcn burned, gives the well known smell of Sulphurous 

Whicli are the five simple f2:ase8 ? Why are O., H. and N., not easily dis- 
tinguished, and how may this bo done ? Describe (135) the action of a bam- 
inj^ Uipcr in CI., O., N., and 11. 1 

90. a. State the contrasts and resemblances between O. and H. ? 

91. Mention the characteristic properties, uses, &c., of I.? Br.« 01.1 
F.« O.? S.? 



OF TUB NO.N-MBTALS. 53 

ncid, and is chiefly used in the mannfactnre of oil of vitriol or 
Sulphuric acid. 

N. is an element in air, in flesh, and in nutritions food. It is 
remarkable for its inertness. 

P. shines in the dark, is extracted from bones, and used in 
the mannfactnre of matches. 

C, in the diamond, is the hardest of all substances. As 
graphite, its use for pencil points is important. 

Si., the most abundant simple after O., is an element of sand 
and of most rocks ; its compounds give stiffness to the straw of 
wheat, &c., and it is an element of glass, porcelain, and earthen- 
ware. 

B. is found in volcanic vapors, and as an clement of borax, 
which is employed in welding Iron, and Tinning Copper. 

H., the lightest known substance, is an clement of water, and 
is used for producing extreme heat, and for ballooning. 

III. 136. Characteristics, &c., of the non-metallic simples : — 

a. Art. 9, ///. 14. A violet vapor. 

b. Art. 16. A Daguerreotype. 

c. 20, in, 35. Bleaching Indigo. 

d. 25, ///. 43. An Etching. 

e. 66, III. 83. An invisible gas, in which coal undergoes a 
brilliant combustion. 

Jl 45. A substance burning with a purple flame and pungent 
odor. 

g, 52. A quantity of corn. 

k. 56, III, 73. A substance that takes fire by slight friction. 

1. 65. " Lead" pencils. 

k. 73. Strav burned, and its ashes fused into a glass bead. 

/. 74. Borax. 

m. 78, ill. 94. Soap bubbles that rise through th^ air. 

92. The remaining simple substances are genei*ally consid- 
ered to be metals, although one or two of them have sometimes 

N.I P.I C? Si.? B.? H.I What are the several illustrations, 
136, of I. a. f Br. b. f CI. c. 9 V,d.9 O. e. f S./. f N.g. f F.h.t 
C. t. f Si. k, t 'B.l.f H. m. f What simple substance forms a violet va- 
por ? What one is used in producing Daguerreotypes ? Bleaching Indigo ? 
fitching ? In what gas does charcoal bum rapidly ? What bums with a 
pmplfi flame and pungent odor ? What simple is a peculiar element of com ? 
What inflames by slight friction ? Constitutes pencil points ? Is contained 
in straw and glass ? In borax ? In ascending soap bubbles ? 

92. After the first fourteen simples, what are the rcuiahiing ones consid- 
eredtobo? 



"*i 'H^iix' tkb:>T!i \>d ci.»iiiii.>> pbopebties op aiBTAI^. 

hr**'\ iiirlTniiMi .inioniT -be non-metallK simples: and on the otiirr 
iiami. >': o'>n. Sv ^;me Chemidcs. has been regarded as a metal, 
.13' i .::u!tH: Siliciam. 

rhe 3ieaiL» >L) not ii&r. in chemical properties, from the 
n>«a-3!«fca!:}: a& l^?r example. U. and Zinc hare strong resem- 
bi.-uice:*. and «} also have P.. Arsenic, and Antimony. The 
three characteristic properties of metals have been stated to 
consist, jirirlj. in the superior power of conducting heat; 
st^-fjHfi/y, in their capacity of conducting electricitv; and, 
t.iirt/y, in a well known peculiar brilliancy or susceptibility 
of pi.^Iish. called the metallic Imtns. 

Thes*.' .ire purHiv mechanical, and not chemical properties; 
and rlie d:v:<i.?r. .;t' the simples into metals and non-metals, is 
simply a n:echan:cai or physical one. 

/". I C Tbi* .vml'dc'don oc hoac hj mecul «hoini, in beatiog one end </ a 
mocu!.-*- r*.**!. ^cqj: w^i*h some pwct^ of P. sre placed at equal dutances. 
As ri'.o ':<.-a: -^ "jniiucu.'d :1m u^ die nxi. the pwves of P. inri«wM> ^t regolir 
inron .lis ^t" nac. 

/v. lo>. T^a: zxctal inducts electrioity. is illostnted in firing a miniatnrB 
c:in:ioR x: :::o :\Lr:lior side of :he rvom. bj means of a wire stretdied across 

93. There are certain other properties which are common to 
many of the metals, but which are not universal with whole 
classes, and cau not therefore be reckoned characteristic. 
Amoiiir these may be mentioned tnaUeahility, ductility ^ and 
tenant u. 

MaiUahin.ttj, or the capability of being: hammered into thin- 
ner plates or sheets, is possessed in the highest degree by Grold, 
aiitl to an inferior extent by Silver, Copper, Tin, Lead, Iron, 
and some others. 

lU. 139. Gold leaf, whiob is 5o thin and has so mnch sniftce as to float al* 
moAt as well as feathers, when blown into the air. 

Ductility^ or the capability of being drawn into wire is seen 
in Plat in nm. Silver, Copper, and Iron. Iron is the most iena- 
ciou4i of the common metals ; though, if some recent experiments 
are correct. Cobalt has twice its strength. Copper is about 
half as tenacious as Iron. 



What vflrintion from thifl \n noticed ? Chemical properties of the metab! 
MontioT) cxnmi)l<'5( of rcjicmblances )>ctwccn metallic and non-metallic sttb- 
stnnccs ? How innny nnd what chanicterii«tics have metals ? What sort oi 
n Mistirjf'fi<»n is fhiif hctwmi mctnlH niul non-metals ? How is the capability 
of Tiicfjil to cfiTHliict hv\\\ illiistnitcd, 1.'I7 ? To conduct Electricity, 138? 

9.'?. Wh:»t iinffHTtics nrc iiirii tinned as common rather than characteristic, 
himI wIiv '. Wlrjit i"? mnllinltUilif, what metals jjossess it, and in what depreet 
Whiit i^ flfiric with ( UM hiil'. lhl» Y iJuctility ? Which is the most tenacious 
riMf.'il ' 'r<iia< lly (»f ro|i|Mr ' 



METALS OF THE ALKALIES. — POTA.S.SH'M. o't 

94. The metals have been grouped in various ways. The 
ven metals, Potassium, Sodium, Lithium, Barium, Strontium, 
edciam, and Magnesium, which, combining with O., form alka- 
ae substances, may be grouped together, and will be first con- 
dered. 
The fifteenth simple to be noticed, is, therefore — v 



POTASSIUM, K. Eq. 39. D. .865; Water, 1. 

95. This is one of the most important simples, and is tolera- 
Ly abundant, though never found naturally in a simple state. It 
; an element of animal and vegetable bodies, of fertile soils, and 
P some extensive minerals, such as fddspar and mica, 

lU. 140. Specimens of ndca and fddspar. 

The extraction of K. is a difficult chemical operation, making 
; comparatively rare and costly in the pure condition. Many 
f its artificial compounds are derived from potash, which is ex- 
racted from the ashes of plants. 

The ashes are leached by pouring water upon them, and thus 
lissolving the more soluble substances which they contain. This 
i^ater, then known as lye, is heated in large iron pots, so as to 
%xpel the water, and leave the dissolved matter in the solid state. 
Tbis solid residue is potash. 

96. Potash is a variable mixture of Hydrate of Potassa, 
K0,HO., Carbonate of Potassa, KOjCO^, and other substances. 
7be Hydrate of Potassa consists of Potassa, KO, and water, 
So. The Carbonate contains Potassa and Carbonic acid, CO^. 
«otassa consists of Potassium, K., and Oxygen, 0. 

2S. 141. Spedmens of potash, of Hydrate of Potassa, and <^ Gaibonate of 

Th^ three terms potash, Potassa, and Potassium, are derived 
&OBi-the process of evaporating the lye of ashes in iron pots, 
feot^ potash and Potassa are sometimes called potash, but the 
^nustiee should be discontinued, in order to prevent confusion. 



94. In the &Bt plaee what seven metals are grouped together, and why % 
Kame, symb., e^niv., and density of the fifteenth simple ? Mention in order 
lie fint fifteen smiples and their symbols ? 

95. Importance and abundance of K. ? In what state and in what sub- 
glances found ? What minerals are exhibited (140) as containing K. ? Why 
b pure K. nure and costly ? From what are artificial compounds of E. de- 
lved ? From what is potash extracted, and how ? 

96. Of what substances is potash composed, and what are their symbols ? 
Of what does the Hydrate consist ? The Carbonate, and the symbols of its 
gemmtB? - Potassa 1 What sulistanccs are exhibited (141) as containing 
W.? Origin of the names Potassa, Fotassitun, and potash? Proper use 
tf the terms Potassa and potash ? 




SS11:M — ITS ATTRACTION. 

Ill Homo pnrt§ of Europe, potash and Potassa arc knoim ng 
kali, wlicnce rotaesium is tci-med Kalium, aud its symbol ii 
wrlltfii K. 

97, K. in its Bimplo state is a. solid, but is fosed at 161°, and 
TnpnrJKeil below a red bent. It is so soft as to be cotnpr»«bla 
Itfitntven tlio thumb and fingers, and bo light (sp. er. .865) as to 
float on nator. It lias a blnisli tint, and a brilliant metallic 

' lustre, like npwiy cut Lead. 

lU. 14S. The shining Inatrc of a fivsUj cut sntf&ce of K. 
lU. US. A ploto of K. flaiicned by slight pressure. 

98, K. has exceedingly energetic attractions for Other aira- 
ples. Its affinity for 0., under favorable circumstances, is gxeatef 
than tbat of any other simple, so tbat.it is capable of decompo- 
sing all the compounds of O. 

On this account, K. can not be kept in air, and is nsnallT pi«- 
sorved in mineral Naptha, which consists only of C. and H. 

lU, 144, H. rapidly tarnished in air by combining with O. 
III. 145. K. thrown into wiiwr, combines with O. enorgotically, prodndng 
hoaC sufficient to indnma the libaralvd H., and to fuse the metal into a globiik, 
which floats, gradually wasting awaj upon the water (fig. 30). 

III. 146. Ice used to light a lamp, npou tba 
wick of which a inrnll piece of K. hs '- 
ptaecd. 

HI. 147. Onnponder fired by meaos of ic* 
and K. 
111. 148. K. takes fire when laid on ion. 
Hi. 143. K. bums in Carbonic acid by 
binLng willl its 0., while the C. is liboTkled ui 
sooty dcpoeite ; this beiD); the only tiue in whid 
Curtonic add sapporls boming. 

I M. That H. ia liberated from wsler br 

n of K.,ia showu when K, is introdnooi 

^ ass of water, inverted in water; a: 

I visible and eombaBdbte gas being collected. 

HI. M\. An explosion by intrododng K. uiW 

nn invuited glass of water coataining air ; ^ 

H. liberated forming an explosive mixInrB villi 

lU. 152. The purple flame noticed in Iho burning of K. is setn also in \ 
tint of the blowpipe flame when it is thrown on Carbonate of Potassa, or ) 
compound of K. 

Why is K. tlie symbol of Potassium ? 

97. Form, fosibUity, volatility, softness, and levity, of K. 1 Color and If 
pearance! Freshly cut surface' of K,, 142? Prasanro, 143? 

98. Attractions of S. 1 Vor O. '! How kept, and why ? Expoanre, 144' 
K. tlirown into water, 145? Lamp lighted with ice, 146 ? Gunpowder, 14T! 
K. on ice, 148 ? In Carbonic acid, Ufl ? How is it shown that K. li"— "" 
H. from Water, 150? Explosion by neaaBof K., 151 i Purple &am 



lU. I S3. B«i ^»b^lnn^ waltr rams (nwn t 
in i-onBequcni.1T of ilie fomiBtiaD of I'uMsaa, 
other alkalies, rbnngts cvitain vc^IaUo rrAon lo given. 

lU. 154. Tlie Mae rolor of litmus water ttuit hiu bc<m rctidrnrd tivnf 
is resloTed by dropping in K., a* the alknli formed ncntnliicB the arid. 

III. 155. Yellow tnnaertc wanr is dukeocd liy KO, w b; other alkalioa 
labsluiceE. 

99. Tbeao illustrations atiow K. to be a most reoiarkablo suli- 
stance, having many characteristic properties. It is the lightest 
metal ; of the wliil metals, it is tbi> softest and most readily Aisl- 
ble<. Ko ntber metal has so strong au attraction for U. 

It is used in the laboratory lo decompose and deoxydize sub- 
stances that can not be otherwise readily decomposed. The cora- 
poands of K. have extensive nnturat and artificial u 

The sixteenth simple, Sodium, hna mnch resemblance to 
and is only exceeded fay that substance in the extreme 
of their common properties, 

SODIUM, Kn. £9.2*. D. .9~2; Air, I. 

100. Na. is quite nbundant, though found only in the com-' 
bined state. It is an element of common salt and some other 
minerals, and ia generally present in animal and vegctabli 
bodies. 

The artificial compounds of Na. are now exclusively formed 
from common salt, which, as before noticed, consists of CI. 
and Na, 

Soda, NaO., composed of Sodium and Oxygen, 
stance from which Na. takes its name. The symbol ia from 
Natrium, a Latin name for Na. Natrium is derived from natrat, 
an ancient name for Carbonate of Soda, 

Na., like K., is obtained pure, only by a difficult operati 

III. 156. Sperimen of CarbonaW of Soda. 

101. Na. is a brilliant, silvery while metal, heavier and harder 



1 
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Rod mbba^ water turned jireen, 153 ! Iteddcncd litmas tamod blue, 
154! Effbct "on turmeric wator, 15S? 

99. What remarkable charBctcriatlca of E. arc mentioned 1 Uua iSt K. 
and its. compounds ? The siKtecnth simple, and it« rcMtmblaneo to K. ? 
Names snd symbols of Che RmE sixteen simples in order ? Symbol, equiva- 
lent, and donHity, of Na. 1 

100. Abundnnee and slAto of Na. ' What snbBtancea eontain it? IM ar- 
lifldll compounda derived from what f Symbol and mraponition of Soda ? 
Derivation of name and Bvmbol of Na. 1 How obuiinud pure t BubsUmco 
rxhibiled (IBejconUininii'Soda? 

101. Appeanincc, heaviucsa, and biinliiusB, of Na. ! 



58 OPERATIONS WITH SODIUM. — LITHIUM. 

than K., but Btill lighter than water, and capable of being mould- 
ed by the fingers. It fuses at 194°. 

///. 157. Specimen of Na. preserved in Naptha. 

lU. 158. Lustre when newly cat, and softness of Na. 

102. The following illustrations show that the chemical prop- 
erties of Na. are very similar to those of K. 

lU. 159. Na. soon tarnishes by oxydation when exposed to air. 

III. 160. A piece of Na. in water, fUses by the heat resulting fh>m its rapid 
oxydation. It combines with the O. of the water, and forms Soda, NaO. 
The U. is liberated in minute bubbles, which push the melted metallic globule 
briskly about on the surface of the water, while a hissing sound is heard. If 
the water is cold, the Na., unless kept quiescent, or in large quantity, does 
not take iirc. 

III. 161. In hot water, Na. produces fire, often with an explosion, before 
which the H. of the water bums with a flame tinged yellow, by the presence 
of a Sodium compound. 

III. 161, a. A piece of K. and one of Na., pressed together and laid on ice, 
produce an explosion, with fine coruscations of fire. 

III. 162. A yellow tinge imparted to the blowpipe flame when projected on 
Carbonate of Soda, or on other compounds containing NaO. 

III. 163. H. in notable quantity liberated on the introduction of Na. into an 
inverted test glass of water. 

111. 164. The alkaline reaction, seen when Na. is put into red cabbage/ red- 
dened litmus, and turmeric water ; the Soda which is formed being an alkali, 
and changing the cabbage water to a green, restoring the blue of the litmus, 
and browning the turmeric. 

103. Na. in its simple condition is only employed for illustra- 
tion. Its importance is indicated by the previous mention of 
the substances which contain it. It is an indispensable element 
in fertile soils. (See appendix.) 

104. The five other metals of the group, lithium, Barium, 
Strontium, Calcium, and Magnesium, have properties similar to 
those of K. and Na., but they are less energetic in their affinities. 

The seventeenth simple — 

105. Lithium, L.,. is not abundant, being found only in a few 
comparatively rare mmeralaj sls spodumene and lit/iia mica. Its 



Fusibility ? Na. is how preserved ? "What properties are feadily shown, 1 58 1 

102. Chemical properties of Na. similar to those of what? Na. how tar- 
nished, 159 ? Na. on cold water, 160? Product and symbol? Na. on hot 
water, 161? Color of the flame, and why? Explosion, 161, a.? Yellow 
tinge how given to the blowpipe flame, 162 ? H. how liberated, 163 ? Action 
on rod cabbage, i*cddencd litmus, and turmeric water, and why, 164 ? 

103. Uses and importance of Na. ? Fertile soils ? 

104. Properties of the remaining five metals of the group? 

105. Name, symbol, and abundance, of tlio seventeenth simple? In what 
inineraLs found ? 
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name has been formed from the Greek lifhos a stone. Some 
of its salts are medicinal. 

lU. 165. Specimen of spodumene. 

The eighteenth simple — 

106. Barium, Ba., is qnite abundant in the mineral known as 
heavy spar, and its name has therefore been formed from the 
Greek barus, signifying heavy. Ba. is also contained in native 
Carbonate of Baryta, BaO,CO;. Heavy spar is Sulphate of 
Baryta, BaCSOs, consisting of the Oxyd of Barium, called 
Baryta, BaO., and Sulphuric acid, SO3. 

III. 166. Specimens of heavy spar, and of Witherite, the native Carbonate 
of Baryta. 

107. All the soluble salts of Ba. are poisonous. The antidote 
to their poisonous effects is Sulphate of Magnesia (Epsom salt), 
or some other soluble sulphate, which converts the Ba. salt into 
Sulphate of Baryta, and this is insoluble, and therefore harmless. 

m. 167. When solutions of Chlorid of Barium, BaCl., and Sulphate of 
Magnesia, MgOjSOa, which are separately transparent, are mixed, the mix- 
ture becomes milk-white and turbid from the formation and precipitation of 
Sulphate of Baryta ; Chlorid of Magnesium, MgCl., is also formed. Thus 
BaCi. and MgO,S03 give rise to BaO,S03 and MgCl. 

108. Ba. is not used in the simple state. The Sulphate of 
Baryta is employed as a white paint, and also to adulterate 
more costly paints. 

The nineteenth simple — 

10^, Strontium, Sr., exists in celestine, which is Sulphate of 
Strontia, SrO,SOa, and in Strontianite, or Carbonate of Strontia, 
SrCCOg. 

Sr. was originally found near the Scottish town of Strontian, 
whence the name. It occurs in a few other minerals. 



Why so called? Mineral (165) containing L. ? Mention the first seven- 
teen smiples, and' give their s3rmlK>ls? 

106. Name, syimwl, abundance, &c., of the eighteenth simple substance ? 
Mention the first eighteen simples ? Origin of the name of Ba. ? Symbol of 
the Carbonate and of the Sulphate of Baryta ? Minerals exhibited (166) con- 
taining Ba. ? . 

107. Properties of the salts of Ba. ? Antidote, and why? Symbol of 
Chlorid of Barium and of Sulphate of Magnesia ? Products of the reaction 
(167) between BaCl. and MgO,S03 ? Why, and the symbols ? 

108. Use of simple Ba. ? Of BaO,S03 ? Name and symbol of the nine- 
teenth simple ? Names and symbols of the whole nineteen ? 

109. In what is Sr. found 1 Svmbol of the Carbonate and Sulphate of 
Strontia ? Origin of the name of Sr. 1 
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THE METALS OF THE EARTHS. — ALUMINUM. 61 

and this cliaractcristic is one that favors the dcteruiination of 
their presence. The soluble compounds of Ba. are precipitated 
bj a sulphate, as previously noticed, and are thus recognised, 
while the soluble compounds of Ca. are precipitated by Oxalate 
of Ammonia. 

111. 173. Solution of Oxalate of Ammonia added to Lime water produces 
a white precipitate of Oxalate of Lime. 

The Oxalate of Ammonia consists of Oxalic acid and Ammo- 
nia. The acid leaves the Ammonia, and combines with the 
Lime. 

113. The next to be noticed are 

THE METALS OF THE EARTHS. 

They are tJie seven following : — 

1. Aluminum, Al. 3. Yttrium, Y. 5. Zirconium, Zr. 

2. Glucinum, G. 4. Thorium, Th. 6. Cerium, Ce. 

7. Lanthanum, Ln. 

114. These seven metals combine with 0-»and from substances 
called earths. The earthy Oxyds differ from the alkaline Ox- 
yds in not being caustic nor destructive to animal and vegeta- 
ble tissues, and in not changing vegetable colors. Like the 
alkalies, however, the earths form salts by combining with 
acids. 

115. Aluminum., Al., is the most important metal of this 
group. Its name is formed from the Latin, alumen, alum, 
which contains Al. Aluminum is very abundant in nature, 
being an element of granitet Je/dspar, clayt emery ^ slate, and 
many other minerals and rocks. In these it is combined with 
0., to form the earthy oxyd Alumina, AlgOs. The sapphire, 
one of the most valuable precious stones, and emery, are pure 
Alumina. 

lU. 174. Specimens of granite, feldspar, emery, and alom. 

Of Ba. ? Of Ca. ? Reaction between Oxalate of Ammonia and Lime water, 
173 ; its result, aftd why ? 

1 13. Names and symbols of the second groap of seven metals 1 Repeat in 
order the fourteen metals which have now been mentioned 1 How arc the 
second group designated ? 

114. How do these metals form eartlis ? Characteristics of the earthy ox- 
yds ? In what are they like the alkalies ? 

115. Most important metal of group 2? Origin of its name, and why? 
Abundance of Al. ? What mineral substances contain Al., and in what 
state? Pure natural forms of ALOs? Natural substances exhibited, 174, 
containing Al. ? 



^*^ METALS GROUPBD WITH Ittort. 

BL 175. Spefdmen of Al^O, chemicaUy prepared. 

la, 176 The color of turmeric water annffected by Al*On, which. » there, 
tore not alkaline. 

•i^^J^^ '^^*'i?®«»io'^o^ reddened Utmus water 18 not restored bTAL(K 
lilnstrating that thw oxyd does not readily neutralize aadsT^^ ^^^Wz, 

The remaininj^ metals of this group are quite nnimportant. 
They are foimd only in a few rare minerals or precious rtones. 
iylaciuam is an element in the emerald and ber^ 

Next there are to he noticed the ten 

METALS OP THE STBON6 BASER. 

116. These are — 

1. Manganese, Mn. 4. Nickel, Ni. 7. Cadmium, Cd. 

2. Iron, Fe. 5. Cobalt, Co. 8. Lead, Pb. 

3. Chromium, Cr. 6. Zinc, Zn. 9. Uranium,' U. 

10. Copper, Cu. 

The oxyds of the metals of this group differ from those of the 
metals prerioasly noticed, since they are not caustie and alka- 
line like those of group one, nor white earths like those of 
group two. 

Unlike the group to be immediatdy hereafter noticed, the 
oxyds of these metals are strong bases, capable of neutralizing 
acids by combining with them and forming salts. 

Five of them Mn., Cr., Co., Cd., and U., are not in common 
use as metals, but the others are frequently seen and more or 
less used, iu the simple metallic condition. 

117, Manganese, Mn., is abundant in nature as a black 
Oxyd, MnOj, which is a substance extensiyely employed in 
the arts. Its uses in obtaining CI. and O. have beeii referred to 
Art. 17, 28. 

111. 178. Specimen of MnOj. 



Artificial, 1751 Action of AlzOj. on tnrmeric water, 176, and what is 
proved? On reddened litmus, 177, and what is proved? Importance of 
the other six metals of group 2 1 Where found ? What class of metals is 
next to be noticed ? 

116. Names and 8yml)ols of the ten metals of group 3? Also of the 24 
mctnls now mentioned ? Distinction between the Oxyds of the metals of 
Kroiip ^, and those of groups one 1 and 2 1 Difference between the Oxyds 
of tcroup 3, and those of ^oup 4 ? Names of the five metals of group 3, 
which arr. mtf in common use as metals ? Of the five which arc ? 

117. What is said of Mn. and MnO^? Substance exhibited, 178, con- 
taining Mil i 



NATIVE COXDITIONS, PKUPERTIKS, AND 1>K« i;F IBON. 63 

118. Iron, Fe., Eq. 28, Dens. 7.8, is the most useful of 
the metals. 

Like many other metals it is found nativet&nd mineralized, or 
in the state of an are. 

A metal is said to be native in those cases in which it occurs either pure, 
or combined with another metal. 

Combinations, whether natural or artificial, of different metals, with each 
other, are called cdlo^s. 

An ore of a metal is a natural combination of it with some non-metallic sab- 
stance ; and this is termed the minenxlizer. 

Native Iron is found alloyed with Ni., in meteoric masses. 
One of these in South America is estimated to weigh 30,000 
lbs. ; smaller masses are not uncommon. 

All meteoric Iron is considered to have fallen to the earth 
from some ultra-terrestrial source. Non-meteoric native Iron is 
very rare. 

The chief ores of Fe. are magnetite or the black Oxyd ; 
Fe304 specvJar Iron, or the Sesquioxyd, FegOa; hmonite, or 
the hydrated Sesqui6xyd,Fe90s,3HO ; and spathic Iron, or the 
Carbonate FeCCO,. 

From these ores it is extracted by the action of Carbon, 
limestone, and intense heat, in powerful blast furnaces. 

JUl' 179. Specimen of Iron ores. 

il9. The properties of Fe. are remarkable. As already 
mentioned, it is the strongest of the common metals. Unlike 
most other metals it is capable of being welded ; that' is, sepa- 
rate pieces may, by heating, be softened and hammered into a 
fliiighi piece. 

Fe., by combining with C, forms steel and cast Iron. The 
former is, used for springs, cutlery, &c.^ and the latter is the 
material for hollow Iron ware, and for all those portions of 
Iron machinery which are not forged. 

In nature, Iron serves important purposes, being an element 
of animal and vegetable, as well as of mineral bodies. 

The symbol, Fe., is an abbreviation otferrum, the Latin name. 

120. Chromium, Cr., is abundant in nature in combination 

with Fe. Several beautifully colored substances are manu- 

" • • ■ *■ *'■•• ' ■■-.■■■ ■ ■ . . 

118. Symbol, eq^uivalcnt, and. density of Iron? Its nsciiilness'? Found 
in what conditions T What is a native metal ? An alloy ? An ore ? A 
mineralizer ? Native Fc. is how found 1 Masses ? Source of meteoric Fe ? 
Abundance of terrestrial native Fe ? Names and symbols of the chief ores 
of Fe? How is the metal obtained ? Distinguish the various ores exhibited, 
1791 

.119. Two remarkable properties of Fe? How docs it form steel and 
cast Iron ? Their uses 1 Natural purposes of Fc ? Its symbol, and why 1 
120. Symbol, abundance, and natural condition of Chromium ? 



G4 NICKKL, COBALT, ZINC, CADMIUM, AND LEAD. 

factiired from it such as chrome ydlow, tbo Chromate of Lead, 
chrofne greeny an oxyd of Cr., and the yellow and red Chromates 
of Potassa. 

llcnce its name has been formed from the Greek, chtwMi 
color. 

///. 180. Specimens of natire cAromc Iron, and of ocdored artificial com- 
pounds of Cr. 

121. Nickel, Ni., is a metal of considerable nse as an element 
of (Jerman silver. 

Although all tho metals are to some extent, and in some way, 
Busceptiblo of magnetism, Fe. and Ni. are the only substances 
that are capable of becoming highly magnetic 

lU. 181. Pieces of Ni. rendered magnetic and suspended by the horseshoe 
mof^ct. 

122. Cobalt, Co., is a tolerably abundant metal. 

Its chief use arises from the effect of its Oxyd on glass, by 
which a fine blue is produced. This blue glass, when polyerizea, 
is known as smalts, 

m. 182. Specimens of smalts and of glass stained blue. 

123. Zinc, Zn., Eq, 32.5, Dens, 7, is a well known metal of 
extensive use. Its Oxyd, ZnO, is a superior white paint. 

The chief ores of Zn., are the Oxyd, ZnO, blmde, or the 
sulplmrct, ZnS, and the Carbonate, ZnO,COa. 

///. 183. Zinc blende and native Oxyd of Zinc. 

Cadmium, Cd., and Uranium, U., are rare metab without 
importance. 

124. Lead, Pb.,* Eq, 103.5, De?u, 11.4, is one of the heavier 
metals. 

Its uses are well known.t Galena, the Sulphuret of Leadi 
PbS, is its only valuable ore. 

///. 184. Specimen of galena. 



* Latin, plumbum. 
t ** Lead pencils 



are made of graphite, and contain no lead. 



Colored substances ? Origin of the name ? Distinguish the compounds 
of Cr. exhibited, 180? 

121. Symbol and use of Nickel? Magnetism? Ni. how rendered mag- 
netic, 181 ? 

122. Symbol, abundance, and use of Cobalt? Smalts ? 

123. Symbol, equivalent, and density of Zinc? Let the pupil mention 
nses of Zn. known to him ? Use of its Oxyd ? Ores of Zn. ? JDistinguish 
the different ores, 183 ? What is said of Cd, and U. ? 

124. Symbol, equivalent, and density of Lead ? Why is Pb. the symbol? 
Uses knoAvn to the pupils ? The ore of Pb. ? its names and symbol ? 



COPPER. — MBTALS (JROUPBD WITH TIN. 65 

Like those of Ba., all the sohihlc salts of Pb. arc poisonous, 
and the antidote is the same, as iu poisoning by compounds of 
Ba. ; viz., Sulphate of Magnesia, or some soluble Sulphate, 
which converts the Lead salt into insoluble Sulphate of Lead. 

lU. 185. Solution of Acetate of Lead (sugar of Lead), with Sulphate of 
Magnesia (Epsom salts), gives a white precipitate of Sulphate of Lead. 

125. Copper, Cu., Eq, 31.7, Dens. 8.8, is a veiy important 
metal. 

It is found native, and its ores such as an Oxyd, a Sulphuret, 
and Carbonates, are abundant. 

Ill, 186. Native Cu. and Copper ores. 

iVll the salts of Cu. are poisonous. The antidote is Albu- 
min which, administered in the shape of eggs, converts the 
Copper to an insoluble and comparatively harmless com- 
pound. 

Ill, 187. White of eggs coagulated by solution of Cu. 

111. 188. That theoxyds of the metals of this group are strong bases, capa- 
ble of neutralizing acids, may be illustrated by putting Oxyd of Lead, PdO 
(lithaige), into reddened litmus. The red color will be destroyed, and a pur- 
ple tinge take its place. 

The metals of the fourth group, next to be noticed, when they 
combine with O., instead of forming strong bases that will neu- 
tralize, acids, produce compounds that are either weak bases, 
having little attraction for acids, or, in some cases, substances 
that are themselves acid. 

METALS OF THB WEAK BASES. 

126. These are ten in number : — 

1. Vanadium, V. 4. Columbium, or 7. Bismuth, Bi. 

2. Tungsten, or Tantalum, Ta. 8. Antimony, Sb. 
Woffiramium, W. 5. Titanium, Ti. 9. Arsenic, As. 

3. Molybdenum, Mo. 6. Tin, Sn. 10. Osmium, Os. 

There are but three of the members of this group. Tin, Bis- 

Salts of Pb. ? Antidote, and why ? Reaction, 185, between Acetate of 
Lead and Sulphate of Magnesia ? 

125. Symbol, equivalent, and density of Copper? In what conditions 
found? Designate the minerals exhibited, 186? Salts of Copper? Anti- 
dote, and why? White of eggs how coagulated, 187? What is illustrated 
by Oxyd of Lead, 188 ? Common characteristic of the metals of group 4 ? 
liow is this group designated ? 

126. Names and symbols of the ten metals of grou[) 4? Names and 
symbols of the thirty four metals now mentioned ? IIow many, and what 
metals of the fourth group arc important in the metallic state ? 



CG TIN, BISMUTH, ANTIMONY, AND ARSENIC. 

mutli, and Antimony, that are of any importance in the metallic 
state. Arsenic is tolerably abundant. The six remaining 
metals are very rare and need no farther notice here. 

127. Tin, Sn.,* Dens, 7.3, is found in few localities as in 
Cornwall, England, but in these in sufficient abundance. The 
only valuable ore is the Binoxyd, SnO.2. 

Sn. is made into Tin flaie, by placing clean Iron sheets in 
fused Sn., by which means an alloy of the two metals is formed 
on the surface of the sheets. The uses of these sheets for roof- 
ing, making pans, cups, pails, and a multitude of culinary arti- 
cles, are well known. 

Sn. is alloyed with Cu. to form bronzcy with Pb., for solder, 
and with Mercury to produce the reflecting surface of glass 
mirrors. Compounds of Sn. are employed in dyeing, and in 
staining glass cnmson and purple. 

///. 189. Specimens of Tin ore, of the pure metal, of bronze, and of crim- 
son, and purple gloss. 

128. Bismuth, Bi., is not a very abundant metftl. An al- 
loy containing it is used for soldering. Other alloys which 
are very fusible, are employed for moulds. An alloy, fusible 
at about 201^ may be composed of one part Pb., one Sn., and 
two Bi. 

m. 190. Specimens of Bi., and of an alloy fused by boiling water. 

129. The chief ore of Antimony, Sb.,t is a Sulphuret, SbSa. 
The metal is alloyed to make type metals Britannia, and other 
compounds. Preparations of Sb. are common in medicine. 

///. 191. Specimens of Sb., and SbSs. 

130. Arsenic, As., occurs native and nearly pure, but often 
in combination with other metals, also in Sulphurets. It has a 
dark ^ey color. 

The common poison known as white arsenic and ratsbane is 
Arsenious acid, AsO.,. 

lU. 192. Specimens of As., and AsOa. 

'l^ Latin, stannum. Tin. t Latin, stibium. 



Arsenic ? The remaining six ? 

127. Symbol, density, natural localities and abundance of Tin? Its sym- 
bol why Sn. ? Only ore ? Tin i)late ? Bronze and solder ? Mirrors "? Uses 
of compounds of bn. ? Distinguish the specimens illustrating Sn., 189 ? 

128. Symbol and abundance of Bismuth ? Alloys'? Specimens, 190? 

129. Chief ore of Antimony? Symbol why Sb. ? Uses of alloys, and 
preparations of Sb. ? Specimens, 291 ? 

130. Symbol and natural state of Arsenic? The conunon poison? Dis- 
tinguish the specimens ? 



MBRCURY, SILVER, UOLD, PLATINUM. 07 

Next there is to be noticed the fifth group of metals. Having 
so little attraction for 0., that they do not oxjdize or " rust** by 
atmospheric influences, but retain their brilliancy, they are there- 
fore called — 

THE 9OBLE METAIJ9. 

131. These are : — 

1. Mercury, Hg. 3. Gold, Au. 5. Palladium, Pd. 

2. Silver, Ag. 4. Platinum, Pt. 6. Ehodium, E. 

7. Iridium, Ir. 

Mercury, Hg.,* Dens. 13.5, is remarkable as a liquid, silvery 
metal at temperatures between — 39.5^, its freezing point, and 
662^, its boiling point, whence it is called quicknlver. Hg. is 
found native, but chiefly as a Sulphuret, HgS, known as cin- 
nabar. 

Alloys of Hg. are termed amalgams. 

lU, 193. Specimens of Hg. and of cinnabar. 

The uses of Hg., for mirrors, thermometers, barometers, Da- 
guerreotyping, the extraction of Gold, and in medicine, are well 
known. 

Artisans incautiously exposing themselves to Hg., are liable 
to a peculiar inflammation of the mucous membrane, called mer- 
cnrial salivation, since it produces a superabundance of saliva. 

132. Silver, Ag.,t Dens. 10.5, occurs abundantly in the na- 
tive condition, and also in numerous ores. 

lU. 194. Specimens of native Ca., containing Ag., and of Silver ores. 

Gold, Au.,f and Platinum, Pt., are exclusively found in the 
metallic state. They are, except Iridium, the heaviest known 
substances, the density of Ir. is 21.12, of Pt. 19.7 to 21.2, and 
of Au. 19.26. 

lU. 194, a. Specimens Pt., Ir., and of quartz containing An. 
* Latin, hydrargyrum. t Latin, argentum. % Latin, auruni. 

Why is the fifth group designated rMe metals i 

131. Names and symbols of group 5? Names and symbols of the 
whole forty one now mentioned ? Why is Hg. the symbol of Mercury ? Den- 
sity of Hf^. ? Remarkable property ? Common name ? Natural state ? 
Amalgams f Dcsigpiato the specimens in 193 ? Uses of Hg. 1 Caution ? 

132. Symbol of Silver, why A^. ? Density ? Natural condition ? Desig- 
nate the specimens, 194? Symbol of Gold, why Au. ? Symbol of Plati- 
num 1 Natural condition of Au. and Pt. 1 Heaviness of Pt., Au., and Ir. ? 
Specimens 1 



SOLL'BLIS AMI PAftTV SlLlflC ACllt. 

This Silicic acid being in ita naicent couilition — that ia, at the" 
inatant of its formatioii, combiniiH with water »iid forms a starch- 
like Hydrate somewliat soluble in water. 

Here then, we may have Silicic acid SiOj, which ie usually 
a hard insoluble stone aa seen in quarts and fiiut, brought to a 
soluble condition, a result which nature effects by other meaos 
perhapa, in case of the absorption of Silicic acid from the earth 
into the roots of grass-like plants, such as wheat, etc., and its 
traiisfi'vciice to the stalks to render them Bufficieutly inflexible 
to stand erect, 
^LiU. SOI. Fluorid of Si. and Hjdrated Silicic acid formed. 



K^^^ 



■ THE UYUBACIDS. 

137. The first of these to be noticed, Bkomohydbic A( 
HBr., may be easily fonncd by putting firstly, a few drops of 
Br. into a test glass of water, ana dropping in some grains of 
Phosphorus. Bromid of riiosphorus ia formed, which is instantly 
deconipoBod, as the H. of the water takes the Br. from it to pro- 
duce the HB(. 

This latter substance may be converted into Bromid of Cal- 
cium and water, by dropping in chalk (Carbonate of Lime), the 
Carbonic acid being expelled with effervescence. 

HBr. nod CoO, COi produce CaBr,,— COo, wvd HO, 

(U, 202. Formation uf Bromid uf PhoBphanis, Bromid of Uydrogen or 
Broniohvdric acid, and Bromid of Calcium. 

III. 303. Ai:id properties of HBr., shown bj meouB of UCmus. 

CHLOROHYDRIC ACID, HCI. £?. 1+35-5=36.5. D.,\.26,Air,\. 

138. The Chlorid of Hydrogen is the most important of the 
Hydracids. It is thrown out Ly active volcanoes and is found 
at times dissolved in water in neighboring crevices. 

It is produced in large qnantities in the process of making 
Soda from Chlorid of Sodium, NaCl., which begins by acting on 
NaCl with Sulphuric acid, HO, SO,. 

acid properties maybe called Fluoliydrosilicic acid. Tbacban^a ore between 
3 oquivalEntB of JTlQurid of Silicon, 3SiFj and 3 of Water, 3U0., produ ' 
Silicic acid, SiO.i, and the double Fluorid, aSiFs, 3HF. This lattur 
valuable lest for I'otaaaa. 

What ia meant by the nascent condUipn t Consequence of the presence of 
BiOs in water in its nascent state ? Usual alate of SiOa nnd examples ? Id 
whol case and for what purpose is SiOa namrally rendered solublB ! 

137. Firat Hjdrarid noticed and its symbol! How formed 1 Three Bn> 
miilf formed in 302 ? Acid properties of HBr. how shown, 303 1 Symbol 
composition and liensily of Chlorohydric acid? Equivalent and why^ 

188. Most imiMirtaiit Hyclrociil T Nntnm! BOurcc ? HCI. is ii proiiuct of 
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It may also be formed by the direct combination of equal 
Tolome of its elements. Chlorine and Hydrogen. 

A mixtmre of CI. and H. kept in the dark, if the CI. has never 
been exposed to light, remains a mixture, without chemical com- 
bination; but sunshine or flame causes instant and explosive 
onion producing the same volume of Chlorid of Hydrogen. 

139. HCl. is a powerfully pungent, colorless gas, though 
liquefiable by great pressure and very soluble in water. Pure 
ice cold water mssolves nearly 500 times its own volume of this 
gas. 

140. The strong solution is intensely sour, changes litmus to 
red, is highly corrosive, and has general acid properties, whence 
it is called Chlorohydric acid. 

It is decomposed by some metals, and metallic Oxyds, and by 
Carbonates, the metal replacing the H. so that a Chlorid of the 
metal is formed. 

The gas does not support burning, and is highly poisonous in 
the lungs as the solution is in the stomach. 

111. 204. A mixture of H. and CI. exploded ; the product gives a sour taste 
to water, and has an acid reaction on litmus. 

///. 205. Chlorid of So- Fig. 81. 

dium, NaCl., acted on by 
Sulphuric acid, HO,SO:t. 
An abundance of HCl. 
giyen off. 

In this case Sul- 
phate of Soda is form- 
ed, for NaCL, and 
H0,S03, are equiv- 
alent to HCL, and 
NaO,SOa. 

lU. 206. For obtaining 
HCl. from NaCl., &c., 
aod for the collection or 
solution of the ^as, an ar- 
rangement as in fig. 31 
may be employed. 

.L "^i? 5.?*^ (")' COntwning chlorobydric acid from common salt and water. The gns 
the NaCl... is provided vith washed aud' collected, 

two tubes, one straight 




How else formed ? Mixture of H. and CI. in the dark ? Action of light ? 

139. Odor, color, and form of HCL? Liqucfiability ? Quantity of the 
gas dissolved by water ? 

140. Strong solution of HCl. why called Chlorohydric acid ? Is decom- 
posed by. what, and with what results ? Action of HCl. on burning? On 
animals ? Describe the results of exploding 'H. with CI., 204 ? Of acting 
on NaCl, by H0,S03, 205, and the chcmital changes ? Describe the appa- 
ratus (206) for collecting or dissolving HOI. ^ 




flBT **»i^i-Mi> tiT HO^> msj W .KTefODd. 
rnwul «-.' ^lD <#ur. iar ^ae Mtikxsisb oT i^ ^ifij, 

HL sec Wbex A ilKi tf £ia CSm mtA HCl. aad is vsdk » ihea iivated 

/IL 9». Ziac Z^ iiaif iikii mIbmi «r HCL; H. Wi^p «nili«d, aad 
Cliknd «r Ziw, ZaCL. Ibnaf^ 
ilL 210. Bkaftouircrf'Soifta.XaOJOjCCV.adHCl.ainhtiott.sdfar 



and CUcnd irf" So£im, XsCl, ad ««xr, HO. 

111. Wbere yeasx or fen&entatioii is not to be employed, the 
BicarboDSte of Soda (often tenned Saperettbonale oi Soda), and 
6<4iition of Cblorc^iTdnc acid, are the-Wat substances for making 
bread and cake li^bt, provided care is taken to nse snch qnand- 
ties as neutralize eacb other. As the product is common salt, 
none of that substance needs to be employed. 

A strong solution of Chlorohydric acid gas in water, contain- 
ing, in general, about forty per cent, of the gas, goes commonly 
by the name of Chlorohy^ic or Hydrochloiic acid, and less 
properly is caUed Muriatic acid, and also Spirit of Salt. 

This solution is very con^erably used in preparing Chlorids, 
in the arts, and in medicine. Mixed with half its volume of 
Nitric acid, it constitutes nitro-muriatie acid, or aqua regia, 
which, on account of the large quantity of free CI. in it, is a 
chemical solvent for Gold and I^tinum, converting those metals 
into soluble Chlorids. 

When pure, the solution of HCL is colorless ; but the commer- 
cial acid is generally of a yellowish color, on account of com- 
pounds of Iron and other impurities which it gains in the manu- 
facturing process, and from which it may be separated by dis- 
tillation. 

142. When Chlorohydric acid gas and Ammonia gas, NH,, 
are brought together, a dense cloud of Chlorid of Ammonium, 
NH4,C1. (sal-ammoniac) is formed. 

Like other Chlorids, Chlorohydric acid in solution gives, with 
Nitrate of Silver, AgO,NOft, a white precipitate of Chlorid of 
Silver, AgCl. 



The rapid solution of HCL, 207 ? A taper how extinguished, 208 ? Be- 
actlon iKJiweon HCl. and Zn., 209 f Bicarbonate of Soda and HCL, 210 1 

141. Cliomical substitute for yeast ? Names of the strong solution of HCl., 
and usual quantity of the gas present ? Uses ? What is nitro-muriatic acid • 
Uhm, and why 1 Colors of solution of HCL, and why ? 

US). Uouction between IICl. and Ammonia ? HCL and AgO^NOs? 
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'Ur. 211. Clnud of CLIorUi of Ammoniiim formed. 
-iSff. 212. B<acfiuii l^tmrcen Agi J^NOj and HCl. 

FLUOHYDEIC ACID, IIF. 

143. This acid is pro«ii:ecd by the reaction between common 
Bidphnric acid, HO,SO:. and Flnorid of Calcium. CaF. (duor 
spar). In its concentrated or auhTdrous form, HF. is a nio:it 
energetic and dangerous substance. In this, or in the hydn»us 
condition* it has the singuhir property of corruiliug glass, and on 
this account is employed, as noticed in Article 25, for etching 
on that substance. 

W. 213. A plate of glass cich^sd by corering one >ido wi:h wux. drawing 
^ deaqen or letters tfaron^rh tbo w;;x upon tlie c'^iii^. and thvn {•hiring tho 
pluieas the corerto a leaden liox. i-unuuiiing the Sulphuric, utid, and 
*e pihreiized Flnoiid of Calclnni, CaF. 

^ 214. Glase etched more qnicklj by corerin^ with wax, &o., and then 
Povuing on die liquid acid. 

144. The formation of HF. is attended bv tlie production of 
Sjlphate of Lime, CaCSOj ; since CaF and HO.SO, produce 
fiF. and CaO,SO,. 

The glass is decomposed on account of the strong attraction 
^^ F. for the Si. in the Silicic acid, SiO^., of the glass. In this 
^coiri'osition, an equivalent of SiOj and three equivalents of 
Sr=H,F, produce Fluorid of Silicon (136), SiF,, and three 
^^uivalents of water, 3H0. 

The remaining Hydracid, lodohydric acid, HI., and the other 
^Xi-metallic lodids, Bromids, Chlorids, etc., do not require fur- 
^er attention. 

THE HALOID SALTS. 

145. A Haloid salt, as the name indicates firom the Greek hah, 
^It, and eidaSf form, is a salt which in its composition has a re- 
^tnblance to Ghlorid of Sodium, or common salt, XnCl. 
. A Haloid salt consists of two simple substances, one of which 
^^ a member of the Chlorine group, and the other a metal. 

The most eminently typical of these salts are those of Potas- 
^tim and Sodium. They arc readily soluble in water. 

^^^ ^^^^^^^-^^^—^—^^^^^^^^^—^^^^^^- '^ ^, , ■■■II — I -mi 

Ills. 211 and 212 ? SjTubol sind composition of Fiuohydrie acid 1 
^143. HF. how produced ? Properties of HF. '? Action on glass, and use ? 
Etching how managed, 21.3 ? 214 ? 

144. Explain the chemical changes in the formation of HF. ? In the de- 
imposition of glass? What Hvdnicid and oilier lodids, &c., are unde- 
*crihed? 

145. What docs a Haloid salt resemble, and whence take its name ? it 
^xnmstB of what ? The Haloid salts of K. and Na. ? 

4 



IT. A polo yellow Iodic) ot Silver. Agl., formed by the action of S 
■nto of Silver, AgO.NO*, while Nitrato ot Polassa, KO.NOn, i 



w 
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14G. Itiniii (IF PoTASSirM, KI., consisting of Iodine, I., *"'* 
FotasaiuTn. K., is an important artificial Eubstaucc, crystalUzU'j' 
in white piiliGH, cxlt'usivclj cinploycd in medii'ine, and soiofr 
wliat (IS H rciigHnt, givirg Hiaractenstic procipitales. Tlie bril- 
liant red lodid of mercury, produced by adding KI. to Chlorii 
of Mercury, lias been referred to, in Ilia. 18 and 199. 

JU. 215. S|iecimca of the ajstaU of EX. 

III. ais. A liue but Tu^iive yellow lodid of Lead, fonned by the aedoaof 
KI. un Acetuto of Lead.' 

ni. SIT. A jiolo yellow Iodic) of Silver. Agl., formed by the action of BX 
on Nitrato 
nuiiiB in eolulioa. 

Tliifl Agl. is the Huiislance formed on thp Dn guerre utype plate 
by tlie action of I. iti coating the plate, and is alierwaijd decom- 
posed by liglit, being extremely sensitive to that agent. 

147. Gmldrid of Potassium- KCl., referred to, in Art. 38, 

RB prodncod from Chlorate of Potasaa in the process for obtain- 

L&ig ( >., is a Bait crj-atallizing in white cubes. It is found native 

t VeBUvius and some other localities, and is known mineralogi- 

illy as s)/hme. 

' III. ai8. Spciumen of KCl. 

III. 219, Soltition of KCl. and N[tralc of Silver zive a white precipitate of 
Ciilorid of Silver, AgCI., and leave KO.NOi in solution. 

Ohloeid of Sodium, NaCl. Sj. 23+35.5=58.5. D.2.35. 

lis. This important substance, known as common salt, and 
essential to animals and plants, is found in extensive beds. It 
is also the chief solid element of salt waters : 350 gallons of sea- 
wnter, at Nantucket, contain a bushel of NaCl.; while 30 to 36 
gallons of the waters at Saliua, New York, contain the same 
quantity. 

NaOl. crystallizes in cubes, is volatile at high temperatures, 
Vid is soluble in 2.7 times its weight of water, being nearly 
^equally soluble at all temperatures. 

146. Name, symbol, compoaition, and importance, of the firel noticed Boll ! 
CryB£allinc furm and uses of KI.? Keaall uf the reacition bctwoeo KI. and 
Atulatt of Lcnci, 216! KI. and Nitrato of Silver, 317 ! Eelation of Agl. 
to the DiiKiierreotype process 1 

147. Syiiilwl, productiODi nataral eonrce, and ciystalline form, of Chlorid 
of I'oiaei.Hiiim ! Reaction between KCl. and AgCNOi! Name, syiohol, 
com I M>H I lie in, nnd ilcnntty, of Cblorid of Sodium? EoDivnlenl how 53.61 

1 'IM. liii]H>rliinc'o and Hourco of NnCl. 1 Qnantiiy in sen-' " - 

wiiii'i- Hfihe Siilina«iirinB»? Crystalline slinpa, volatjiily, ai 
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ScsiJcfi its nntural anil cnlinniy dbcs, it Je cmployoil to glnxs 
^Qjthcn and Gtono ware, tbe Sodium in it combiniug with O. aud 
'oe Silicic acid of the clay to fonn a glassy surface of SiUcnUi 
of Soda. 

NaCI. baB been referred to (Art. 100) as tbe source of the dif;^ 
fitrciit artificial and commercial preparations of Soda; also in 
111. 198, as the precipitant for Silver. 

111. aau. Specimen of NaCI. 

lU. 231, Like olbcr mmpounda of Nh., common Biill givea m ynilov tJniEO M 
itme, Kt is shown by throwing: it into boming slrohol. In this nay, homoi 
gcneOQ9 jellow light ie prodat^d. 

149. Chlohid of Barivm, Bad., nn artificial salt, is impor- 
tant OS a test for Sulphuric acid. With tbo soluble Snlphatoci 
genejally, it gives a white precipitate of Sulphate of Barrtaii 
BaO.SOj. ^ 

IS. S29. Simimon of llnCl. in while iBhulor rrTsUli. 

JU. 323. Sulphate of Soda, NaO,SOj, und BaCI., give B pradpitalo of 
BaO,SO:h and leave NaCI. in Eolation. 



artificial salt havins 
to absorb wati^r and 

practical Chemistry, 
r of gases and of nt< 



150. Cblobid op Calcium, CaCl., is ai 
a powerful tendoiicy to deliquetce, that is, 
become liquid. It is therefore employed i 
and in Photography as a deaicvator, or dri( 
mospberic air. 

lU. 224. CuCl. prepared in BolntJon by the & 
HC!., on morhlo (Carbonate of Lime, Ca" "^ 
formed, und Carbonit acid, COi, cipolled. 

Tbo solution nmy be evaporated so as to cryBtalliie. The erystola eontaJD 
six equivalents of water ; but when fused at a red heat, the water is expelle^ 
and the solid cake formed on cooling being broken ap, the salt is then in 
couditioo to be used as a desiccator. 

151. Fluorid of Calcidm, CrF., known olso as floor and 
Derbyshire spar, is a tolerably abundant mineral, found in veinB 
in other rocks, and in very small quantity in soils and sea-water. 

CaF. has sometinies beautiful colors, as yellow, green, violet, 
red, and pink, and crystallizes in cnbes and regular octohedroua, 
It is employed as the source of all tbe other compounds of Flu- 
orine. When moderately heated, it is phospborosceut. 

Use*? Effect of NaCI. (221 ) on the color ofjiame ? 

149. Symbol, sonrce, and use, of Chlorid o:' 
BMctJon'Wween it and NaO,SO.i, 333 1 

150. Symbol and source of Chlorid of Colciom t What is deHquesrenceti 
A domccittor ? What lue of CsCl., and why ? CaCI. how prepared, 324t 
How ciTBtHllizcd and rendered suitable fur dvsiceution 1 1 

151. SjmlKil, names, und Mmri*, of Kluorld i.f Cidciurn ? Colors and 



ifBaiinm'! Appearance, SSSf 






ic formi 
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76 CHLORTD5:. CALOMRL AND CORROSIVE SUBLIMATE. 

///. 225. Specimens of CaF. 

III. 226. CaF. jjives a faint light in a dark room, if laid in powder on W 
iron plate heated tx^low redness. 

152. Sesquic'hlorid of Iron, FegCla, a salt considerably used 
in medicine, may be prepared by the action of aqua regia on 
metallic Iron. It contains (as the Latin prefix, Sesqui, one and 
a half, indicates) equivalents, in the ratio of 3 to 2, or 1^ to 1. 

The MoNiODiD OF Iron, Fel, consisting of single equivalents 

of Iron and Iodine, as indicated by the prefix, Mon, from tlie 

Greek, monas, single, is also a medicinal preparation. 

///. 226, a. Chlorid of Nickel, NiCl, and adorid of CobaU, CoQ\, having 
l>een prepared, in mixtarc, from commercial zaffrty containing Oxyds of 
these two metals, constitutes a sympathetic ink, which, by a moderate 
warmth, on holding the writing near a fire, is rendered anhydrous and green, 
but by cooling and exi)08urc to air, becomes hydrous and colorless, if the ink 
lias been sufficiently dilute. 

Chlorid of ZinCy ZnCl, formed by dissolving Zn. in Chlorohydric acid, is 
employed to facilitate the adhesion of the metals in soldering. 

153. The BicHLORiD of Tin, SnCl,, as the prefix, Bi,- fvom 
the Latin, bis, twice, indicates, contains two equivalents of CI, 
and one of Sn. It is employed as a mordant, or fix^r of colors. 

The Pentachlorid of Antimony, SbCUi and the Ter- 
chlorid of Arsenic, AsCl,, are produced when these metals, 
in powder, are dropped into CI. The use of the prefixes, Penta, 
Greek, pentCj five, and Latin, ter, thrice, is readily understood. 

m. 2^ SbCl6, and AsCIa, formed by burninsr the metals in showers of fire in CI. 

154. The DicHLORiD of Mercury,* Hg^Cl., or calomel, and 
the j\IONOCHLORlD OF Mercury, HgCl., or co/Tosive sublifnate, 
are both white salts, though very unlike substances, the former 
being insoluble in water, and comparatively mild in its action* 
on the animal system, the latter soluble, and very highly poi- 
sonous. 

The poisonous properties of corrosive sublimate are partly, 
at least, due to its power of coagulating Albumin, and thus 

* The prefix Di, is from the Greek, dis, twice ; the equivalent of Ilg., being 
twice taken. 

How made to phosphoresce, 226 "? 

152. Symbol, composition, and use of Sesquichlorid of Iron? How pre- 
pared ? Meaning and use of the prefix, Sesqui ? Symbol, composition, and 
use of Moniodid of Iron 1 Derivation and use of the prefix, Mon f 

153. Symbol of Bichlorid of Tin? Derivation and application of the 
prefix, Bi? Use of SnCI^? Wluit is a mordant? Syml)ol3 of the Penta- 
chlorid of Antimony and Tcrehlorid of Arsenic ? How j)roduccd ? Deriva- 
tion and meaning of Penta, and Tcr ? Phenomena attending the formation 
of SbCl-, and AsCl., 227 ? 

154. Symbol and common name of Dichlorid of Mercury ? Monochlorid ? 
Properties of the two Chlorids ? Cause of the i)oisonous efiects of HgCl. ? 












nnd I 
In tkim 
thus « 



POISUNUl'S A.NU PBESI!RVATIVIi PBOFBRTIBS. 

nrresting tliat contitmed cbemicat diangc, whicli is itir 
Ue to animal life. It is employed to prcseire the skins 
Ud other anlmala, in coUections 'm Nxtarat IliBtorj- 
fi^sen'e wood on the Bamc account. It ia the Albumin 
>Dd in the sap of wood, that is the first to decay, nnd 
inititQte those changes, tli&t continue, under favorable 
Etsnces, till the stmcture is wholly destroyed. 

E^gs, which consist Inrtely of albumen, are the most suitabl 
sntidote for poisoning by HgOl- 
m. 22g. Specimens of Hg^Ct., and HgCt. ' 

ffl. 239. White of eggs coagulaltd liy Bolulion of HgCt. 

155. The CiiLORiD OF Silver, AgCl., is an abundant ore <l 
Ag. in Chili, It in called horn Rilver by mineriilogists, as i 
somewhat resembles horn in appearance. AgCI. is precipitaMi 
whenever Ag., in solution, is acted upon by a Chlorid. 

ZB. 230. Specimen of AgCl. 

lU. S30, a. Soladons of HCl. lUiii AgO.NOs prcfipiuue AgCl., nnd let* 
Kiaic acid, NO, in die water. 

156. The Sesquichlorid of Gold, Au,CIi, and the Bl 
CHU>BID OF Pi.ATiNu.M, PtCl,, are formed when these metd 
are chemically dissolved in aqua regia. In solution, the forme 
is yellow and the latter is brownish red. These two chlorid 
are considerably employed in the arts, and in Practical Chem 
istry. 

From the PtClj, spongy platinum, Art. 83, is produced. Al 
metallic Platinum goes through those fonns. 

Bl. 931 . Spurimpns of AujCl.n, and PtCl,. 

Having now sufficiently, though briefly, noticed the Ghloridi 
etc., it will be proper to next take up — 



THE 02YDS. 

137. An Oxyd, in the restricted sense, is a binary eoropounj 

Of ita proscrvBtiyo properties! Antidote? DifltinguiBh HgiCl,, frM 
IlgCl., 228! Wliiwof eggs how eoiigulflled, 229' 

155. Symbol, compoeilion, and abundance of CUorid of SiIi-or» WT^ 
oalled hon ulYer? Haw prudpicalcd ! lioaetiona between HCl., an 
AaO,NO., 230, a. ! , 

156, ^jinbolid of Sesqniciilorid of Gold and Bii'hlorid of Plalianm ? Hoi 
IbniMtl Colors of the BolutiDiis? Uses of AmClj and PtCli? Bisdl 
J^ilb Au^Cli from PiCli? Wliat cIobb of aulistances arc noticed imtiied 
ktely >fter thu hinurv cumiiuunda uf ihu Chloriao groun > 

1&7. WhatiaunOxjd! 



^^A 




15& TUaMlKtne*alMcaDedPk«tQXTd,Lfk. tbefintOiyd 
o( Niirami (Iran tke Giggt. prwtm, first), is produced by 

NO. ■( ■ twaetiih, coloilns, aad tnmspsr^nt gas ; liqnefiabie 
ij praMnc uid solnUe in bs own vtdome <rir water. It is 
mcilT decflBipaaed W * flame, and then, fhnuGbiDg a large 
diare of 0-. soppons banung abaort as well as pure O. 

Wfa«n inlialed, on acCMmt of it> eolabilitr, it is taken np 
lu^lj- hj tbe blood, ttwttpotted to eray part of the system, 
and by its ricJinrss in 0» ^i>dac«s a powcifuUj stimulating oi 
intoxicating eSect, whence it is known «s exAilarafing or ia^h- 

It should not be 
breathed orer a minnte, 
or two minutes at the 
otmosl, and then, only 
by bealthfol pcrsoua, 
of moderate habits. 
Breathed too long it 
n-ill cause Endden death. 



nsoIiTd into NO. and w_ _ 
HO.since NH,0,NO»=aNO, 
Mid 4H0. 

Hi. 233. NO coUeded over 
wworosiDfig.aa. 

III. 234. TaEtc and odor of 
NO, Bf\er being Mtifhed. 

III. 235. Solation of NO 




candescent wick, ralights in NO. 

Name, composition, Bfmbol, and density of the fireC Oxyd notioed! 
Bqnitalcnt, wb;32f 

158. Otlier lunnefbrNO? How prudaced 1 Taste, color, fonn, liqnefia- 
Wlity, and wiluWHtyof NO ! How and wh^doea itsupport huminij! How 
dona it nrmluco its inloxirating effect*, and how niunod in cunimiiiCnM 1 
' (Iheiiiiml I'linTiKCit und products in the ronii:itiiiii .if NO, Mai 
Jii, 2aa ' Ita aululiun why non-iuid, 23ri ! Ntl utid a lajwr, 236 ! 




OIFFBKBNT SUBSTANC^KS PKOM TlIK SAMK KLKMK\Ts. VJ 

lU. 237. P. bams brilliantly in NO, forminp: PlioKphorit* acid, 1*0^. 
i2/.238. A mixture of equal volumes of NO and II. ex|»lo<tot violently, 
OQ the application of a flame. N. being liberated, and water, IIO, fornu'd. 

There is one other Oxyd of Nitrogen, entitled most appro- 
priately, the — 

BINOXYD OF NITROGEN, NO,. Eq. 144-2X8=^30. 

159. This Oxyd is less significantly called the Deutoxyd, or 
second Oxyd of Nitrogen, from the Greek, deuferos, second.* 

It is produced by the action of Cu. on Nitric acid, NO^ ; and 
like the Monoxyd, is a colorless and liquefiable gas ; but is very 
slightly soluble in water. 

It is the most stable compound of N. and 0, yet by a strong 
heat, it is decomposed, and will therefore abundantly yield (). to 
snpport the burning of a taper or of P. that is actively ignited. 
It does not explode with H. like the Monoxyd ; the O. in it being 
held by a too powerftil affinity to be instantly liberated, to unite 
withH. 

NOj has so strong an affinity for 0. that whenever exposed 
to contact with it, or with air, it becomes deep red, by rapidly 
absorbing and combining with 0. to form Nitrous acid, NOg or 
Hyponitric acid, NO4, which substances, in the form of vapor, 
have a suffocating odor and a reddish color. The taste and 
odor of NOi, can therefore, never be known. 

160. These two Oxyds of Nitrogen, like the two Chlorids of 
Mercury already described, strikingly illustrate the chemical 
principle, that the same elements, by combining in different 
ratios, n^y form substances of very diverse and even opposite 
properties ; for while NO. is agreeable to inhale, NO.^ is suffoca- 
ting ; NO. is explodable with H, NO^ is not ; NO. is unaffected 
by air, NO^ is instantly changed ; NO. is very soluble in water, 
and NO3 but slightly soluble. 

* The terms Binoxyd and Deutoxyd are not synonymous, the former sig- 
nifying, literally, an Oxyd in which the equivalent of O. is doubled, while 
the latter signifies merely the second Oxyd, which in some cases may happen 
to be a Binoxyd. The terms Protoxyd and Deutoxyd are not sufficiently 
definite, and should go out of use. 



NO. and P, 237? And H, 238? How many oxyds of N. are there? 
Symbol, equivalent, and density of the Binoxyd ? 

159. Other name ? How produced ? Form, color, liquefiability, and solu- 
bility of NOi ? Stability ? How and wliy does it snpport burning ? Why 
can not a mixture of NO2 and II. be exploded ? Action of air or O. on NO2 ? 
Why can not the taste and odor of NOi be known ? 

160. What chemical principle is illustrated by NO. and NO2 ? In what 
respects do NO. and NO2 differ? 



ITATCK. — HVOKATBS. 

re£. Wiifc IjuL k jaratseu ilie w^atr » said to h^Jhrmgim^^'^ 









I'^S- Tbe p^i^»: vsur for ^«&end «se, is tlie most healthfol- 
Tb^ cwznO'Z'ffrt 2is|«rn5«:!^ is v«Rr are Lme, Clilorids, aod 
S::i j*ha:i»w Tbej«. asd <sj«ecialhr line- raider water " liard ;" 
io iLai cTTiroa Si>&p is ceicciiipo<«d and an insolaUe adbefflTe 
Lime «»:^p f.rsie^i. aad this prevents rather than fincilitates 
rlexzisiii^. Rain vaier is $ot^, becaofie £ree friHn these impa- 
rities. 



m. ±61 . CccnrsFX Vrv^ifs $ic^ sad kari vuer m respect to die prcflenoe 
of Li=>f, stf 5iK»w^ \t h5 T1W5. tb* Oxaljcf of Aiai»«ita Ftoiii me hard 

UL S«2. lUhi vmre? 25 frvif H>s CUonds. J«t these are more or less 
ahnndant in v^U v:s:er. a> <bovii 1»t the test, Nuratie of SOro- prodnciiig a 
predpitaxaon iii Cblcod of Sthwr. 

m, 263. The ChkcSd of Bazicm caofe? do preci|Mtatioo in rain water, but 
cenerallr show? the p;v$<ncif of Sal^^tes in veil waficr, br the formation of 
6iil|>hate 01 KaiTtaL. 

///. 364. An alcobolk ><^atioD of soap remains traaspareBt in rain water, 
but forms a white insolabie lime soap in hard wattr. 

169. Water has an energetic attraction for many substances. 
Its combinations are generally called Hydratet. 

Substances, which are combined with it, are said to be in their 
hydrous condition ; and anhyilromsy when free from it. 

The combination of water with the Lime with which a ship is 
loaded maj', in case of leakage, tire the ship. 

///. 265. Lime, CaO, combines ^ith water, slakes and forms Hydrate of 
Lime, CaO, HO, developing, at the same time, a large amoont of heat. 

///. 266. Common hydroos Sulphuric acid, H0,80», combines with more 
water, and produces tieat sufficient to boil Ether, and water even, when large 
quantities are used. 



What are «-haIy!K»atc waters? Action of "Sulphur water," 259? Do- 
teetioii of Iron, 260 i 

168. Most healthful water? Commonest impurities? Cause of "hard 
water" ? Hani water and soap i Rain water why soft ? PresenfC of Lime 
in liard water, how sfiown, 261 ? Clilorids, how detected in most well water, 
262 '. Snl|>hate8, 263 * Aetion of hard and soft water on soap, 264 ? 

169. Adinities of water ^ Hydrates? The hvdrous condition ? The an- 
hydrous ? Cause of tfie production of heat by tlie ac-tion of HO ? Forma- 
tion of Hydrate of Lime, 265 ? Combination of Sulphuric acid with water, 
266 ? 




nme* maA jj-nlnk «f tLe adien m«. n»|nctinJy. Soda. 2 
LKlna. LO: BM^ta. B*0; Stnotis, StO; liM, CmO; a 

Tb« Hcooxjd oT CalchtcL CnO. kvli^ ao la^ bMM \mm 
"' B t4ttk«g * ■ ' 






lleatkalEBe properlies and «>tiTe«io£tian of dtOM O^ 
woe wfe r r gd t«. in Arts. 95 t» 112 inchuive. One ortwoj 
tlKB reqoire fnrthn- notwc. 

172. PtrTASSA. KO, Eq. 59 + S = 47, hu a -rery 
attrsclioD for water, and is seldnm i«en except in to 
Hjinte, KO.HO, vhich u poveifolly cavstie, and i 
sa^erv, pnctieal Cfaonutrj, and for otLpr porpMCS. 

BL aa. Wben E. is tiintwa on «uer. uul the K.U. Thirb b fotiood, 1 
«anca ■iiKiimilj cool, it conlnna vitb ibc «*tci explaeirclT. 

173. SoOA, KaO. %. 33+8=31, is like KO. very caaC 
nitracts water strongly to fomt a Hydrate, and dissolves laq 
\y in water. 

Lime. CaO. £y. 20+8=28. is obtained bjr heating Un 
stone in kilns, by wbicli the Carbonic acid is dpelled. 

An Eq. of CaO, 28 parts by weight, combines, in slaki) 
with an Eq. of water, 9 parts, to form the Hydrate. CnO.H 

170. Corapofilion, synihol, ralor, projienies, iSbc., of Binos_vi of Kyi 
p<n ! Other non-raetailic Oiyds ! What class of siilwtnnres are nfrt 

l'\. How are (he Monnx jdH of the motali oT the FolH.tsiniii ^>ap, niiin4 
Give llie Dames anil xj-idIhiIs of ihcso wven Oxyds ! Alkaline propcrtiiM ■ 
Dalonil cunrliljuiu! 

173. Cnmiiosition, syinhol, anil U]Uivalcnt of Pcitiuion? Its nttnwtioq^ 
waurf Most luiuU, artiScial slate'! Uses! CumliiaatioD nr KO. if 
water, 267 1 

17.1. Composition, srmhol, eii<iivalenc utiil iiropi'dlea of Smlat Cuqj 
ulioti, symlnil, nad cqulvalcnl of Limo ^ Ilow is CaU. obtaincit ' 



i 



Tii<- VI.: f! «,:rn:h^ nfi: W cnrjilrivf^d, ftFjimaDj if coW, in larger 
( T.I :r TT. i:f :!,f nuLTfrrialf K-nuld 1« cinlML, mA tke dakbgbut 

T'l}*. Hv-.rsTf.. ciffufi^c in lar^-qBazrtity tlirwDgli wmtcr,fonn8 
itii n,. I ry h:wr.. fi.Tjcl. diwctlvcid in wter, enudtnles Lime 
V ]::<•:. v}j;-'!. TLeii a cold fsatsnoieid itolntion, contains one 
rri/.T. ■■: I. L' ». ::■ TT> nf HO. 

Bt f-x:i'rsur< 1'- A.ir. LiiDf v fsud t-o air slake, paaang gndn- 
1^1 :t ;■'. I. BTdrfaif-. Jiiid iLen hMtaznin^ Caii>onatea by absoibing 
C ?irr •: ■:. j c- l c- i £ fri -i*: i Lf tir, 

T::f i.jLr£f":-:rir "i" ii>f Lime, in twrter, depends partly, at 
1 '•;!<:. ji: i:> :•:■■• f:- ::• alifuirt Carltonk acid. lime for hydrant- 
/. f'fiu.'"9'. c'.:.?.1h '-.f Larceninp under iratex, is obtained from 
l:i:.'es: :-r f : ti^rinr MarT>e»ju Oxyd of Iron, and other sab- 
fv : V - <- : .'.:". :: :f i--. the prwieDCC of tbese witb the Lime, that 
iL"- J H -,::;:?.: .-TV > cue. iSee appendix-) 

1 iiff>^. A rrM2>TiiJYi.:. rvrid MaiTssed Mthnion of lime becomes tnibid 
■wb'T: >.'i-:.:i-i, frc-=. i. j-i^-r^ jirYvijiiunka: ; pnoTii^ tbtt Lime is less soluble 
in h«T wA.H-r. 

MAiiXESiA, M^r* •- i> a vhite }>o>Mler, tlie c^ilcimi^ magnesia ^l 
the i^ljops; and. as i;c>iiceii hi An. Ill, is abnudaiit iu certain 
rc'cks. 

hi 2f:>. n. Solction* erf KO. N*0, B*0. CiO, and MpO, like all the Mon- 
r<x y(i> of thi< pionp, hare aa alkalioe action on litmos, red cabbage, and tur- 

THE EARTHY OXYDS. 

174. Ammina, AljO^, is the St^quioxyd of Aimmimmnu It is, 
as cliciiiically prepared, a white insoluble powder, without the 
alkaline reaction possessed br the OxTas of the previous 
pvmp. It is a lariro element in almost all rocks but the pure 
liniestonos (Art. llol 

Alumina is not a stwng Kise; its salts often have an acid 
reaction, and are decom^wsed with facility. Indeed, AI.O3 
sometimes acts the ]>art of an acid in combining with bases, as 
in the Alnminate of Potassa, K0,A1,0,. 

A 1^1), is remarkable for its attraction for organic substances, 



<^uannty of HO. thnt combines with CaO, and that should be emploved 
m slakmp ? Milk of I.ime ? I.imo water ? The air slaking of CaO ? ^^j 
does mortar hanlen ? >Miat substances jrive to h^rauh'c cement the power 
of hanioning under water ? How shown. 268, that CaO. is most soluble in 
cold Avater? Composition, symlnil, appearance, and abundance of Mac- 
nesia f >ext class of binary cH>ni|>onnds ? 

174. Names, coniposiiion". and svnil>ol xA' the fii-st earthv Oxvd ? Its ai)- 
poanuux^ and pn>perties f AI..O . and n>oLs ? Risio properties? Arid, and 
ixamplo { hor what oryauic subsiaia-es ha.s Al.Oj a Hivns attraction / 



ALl'Ml.VA, — aORDANT, — UKBS.^IXVOS OP IB<1\. R7 

Micli as cnlnring iiintlem, nnd thnt siibHfnncP which conBtiliit«8 
the fibre of cotton. Its mntiial nttrnctioii for tficgr. give4,it thn 
properties of a vioriionl. 
, By combining Al.O.witli organic colored substances, nnd pni- 
tipiUtingtliem, insoluble compounils. known aalakea, are formed. 
Carmine is a lako conetsting chiefly of AL,Oj, and the coloring 
principle of the rochineaJ insect. Salts containing A1,0] are 
Krteneively employed in dyeing. 

M. 169. The coloring matter of cochiDcal, iilknnci. inrmEric', &e., picripi- 
IlMfhim solution bf addine Snljibnlcof Alomiiia nnil Pnlit:iaH(ftliim). and 
Iko lolation of Polassa. 

17fi. The earthy Oxyds, Glucina. G,0, ; Tttria. YO ; Tho- 
ria. ThO ; Zirconia, Zt,0, ; aa wet! aa the Oxyds of Gerinm 
and Lanthaiiiim, are very rare and comparatively unimportant. 

SUeh remaining metallic Oayds as demand attention will 
next be noticed. 

176. BiNOXYD OF Manuanese, MnO„ is the only important 
nainral condition of Mn, and, as lias already been noticed, is 
used for a variety of purposes, among others, in glass-making 
and staining. 

177. The following are the componnds of Iron and Oxy- 
gen :— 

1. Monoxyd of Iron, FeO. 

2. Blackoxyd" " Fe^O,. 

3. Sesqnioxyd '■ Pe,0;,. 

4. Ferric AcM, FeO,. 

MONOXYD OF Ikon, FeO, is a powerful salifiable Imse, exist- 
ing only iu combination vitb acids, and being incapable of iso- 
lation. 

Tiie Solpbate of Iron, FeO, SO,,, known as green vitriol, and 
the Carbonate of Iron, FeO,C0„ contain it, 

III. 270. Spocimens of FoO.BO, and PeO.COj. 

178. Black Oxyd op Iro.\, Fe^O,, is an abundant and val- 
uable ore. It is ansceptiblc of magnetism, wbence it is called. 

Why B mordnntl Z/ifa* how formed T What in carraiNc? Uses of tlio 
aaltB of AIjO^? PreripitntioD of coloriTin; miUIcre, 2S9 7 

175. Nnmoa, flymfiols, nnd import-intu of ^o other earthy Oxyda t Oxjds 
nest noticed 'i 

17b.' Symbol and romjiosilion of Binosjd of Mangnneso 1 What ia mid 

177. Nttmea and Bymholi of the compoiincin nf Imti with O^ Brisio pro])- 
ertlca of FcO! iBolulioo ? Colltailiwl in what sallef Distini.'uish liptwocn 
iJii; spcfiniBnn, 270 ^ 

1"«, Symbol, ivmiiusiliun, u bund mice, iiiid it=c, of Blaik Osyd of Iioui 



w 



ft^TIMtTK TM P(llt!>l>l> 



ill Miiirmlugy. taagutiitt. It is EumetimeE Qatarally magnetic 
in ii high degree, and it is then known as lodeslone. 

It is ofVcD abondout in sand, ftnm which it is sepainteil V * 
magnet, anil thea constitutes cammon klarh sand, used W *^ 
article of fitationeiy- 

It is not a. salifiable base, and indeed may be regtuded ** 
itself a salt, consieting of FeO. and Fe,0,. 

This black Oxyd is formed indirectly by burning Iron «"* 
in 0. The melted Sesqiiiosyd, which is the direct prod>*'^ 
loses some of its 0. by means of the high temperature, and ■* 
comes Fe,0.. 

s also a very ab**"' 
8 and hydrous c""" 



179. The Sesqpioxvo or Iron. Fe,0„ 
dant and valuable ore, both in the anhydrc 



It is not a strong base, and acts sometimes the part of *" 
acid. It constitiites common Iron met. 

Prepared in fine powder by chemical [tracess, it is known ** 
rouge, and colcotkar, and is used in polishing metals, especial'* 
Dagneireotype plates. , 

FeiOj gives the color to r^^ 
chalk and the oehreB. Moat wr^' 
ored rocks owe their color, mo^* 
or less, to some Oxyd of Iron. 

/a. 871. Specimens oir FddO., FeiOj»' 
ochre, rouge, and red chalk. 

III. 273. Fe. bnmed in O. (fig. 33) » 
FeiOi and FejO, fomied. 

The Hjdrated Scsqnioxydr 
Fe,0„3H0, is the best antidote 
to poisoning by Arsenious acid- 
(ratsbane). It sbould be pre- 
pared for the occasion, if posri' 
ble, as it is most active when 
fresh. It acts by converting the 
poison into an insoluble Arseni- 

111.213. Precipitation of FeiOj.aHO. 
solution,* 
in the nnited States Dispensatory. 

Magnetite! Loilcstonc? Blacksand? Basic properties 1 FonnaliOQl 

119. Composition, spniiol, and abandonee, of Seaquiox}^ of Iron ? Con- 

ditJonsl Iron rait? Itoiigo, colcothar, and luoa! Red chalk and oArtt 

Cotomil rockul Name the dilfcrcnt specimens, 371 1 Explain the baming 

of Iron, a7M! AiitidiHi! to poisoning by "araenie" or" mtabanu," and whrl 
I'lvciiiiiaiion of F«;0 ,3UO, 273! ^ 




BASES, NEUTRALS, AND A(*ID.S. 89 

180. Of the different compounds of Fe. and O, that which 
^^8 least O. the Monoxyd, FeO, is the strongest base, and com- 
pletely neutralizes acids. 

That having the most O, Ferric acidy.FoOs, has decided acid 
properties. The others are either neutral, as Fe^O^, or indiffer- 
ent, as FeA- 

The same principle applies generally to metallic Oxyds : that 

8, the Oxyd having the least O. is the strongest base ; that hav- 
'11^ the most, is acid ; and the intermediate Oxyds are neutral or 
ndifferent. 

. 181. Sesquioxyd of Chromium, Cr^Oa, combines with acids 
^o form emerald and purple salts. It constitutes the paint 
*^iiown as cJirome green. 

JU. 273. Specimen of chrome green as a dry powder. 

The OxYD OF Zinc, ZnO, formed hy burning Zn, is a very 
^tiperior white paint. ZnO, colored red by scales of Fe^Oj, is 
«iown as red zinc ore, 

2U. 274. Zn. burned in O ; ZnO. formed. 

m. 275. Specimen of ZnO. as a fine white powder. 

lU. 276. Specimen of red Zinc ore. 

182. MoNOXYD OF Lead, PbO, is known as litharge. It is 
ysed in mixing paints, as a drier ; also in glass-making, since it 
*8 capable of combining with large quantities of Silicic acid. 
I*bO. is the base of several salts. 

Bbd Oxyd of Lead, FbgO^, is used in glass-making, and as 
^ paint, under the name of red had. The composition of the 
^^ommercial article is variable. It may be employed, instead of 
MnO„ for obtaining Chlorine. 

M. 277. Specimens of PbO. and PbaO^. 

DiNOXYD OF Lead, Pb^O. The prefix in the name of this, 
from the Greek disy double, indicates two equivalents of the 



180. Basic and acid properties of the different compounds of Iron and O ? 
GenemBl principle in respect to metallic Oxyds ? 

181. ^rmbol of Sesquioxyd of Chromium ? Color of its salts ? Chrome 
green 1 Appearance of Cr^Oa, 273 ? Symbol, formation, and use, of Oxyd 
of Zinc? Ked Zinc ore? When Zn. is burned in O. (274), what is the 

- product ? Appearance of ZnO, 275 ? 

182. Symbol, common name, uses, and why, of the Monoxyd of Lead ? 
PbO. as a base ? Symbol, uses, and common name, of Red Oxyd of Lead ? 
Obtaining CI.? Distinguish the specimens, 277 ? Symbol of Dinoxyd of 
Lead'' Prefix? 



90 rSKS OF TUB ox YDS OF COPPEB AND TIN. 

metal to one of (). Pb^O. is probably tho coating that forn"^ 
over the surface of Lead exposed to air. 

183. DiNOXYD OF CpppER, Cii,0, is an important ore of th»- 
metal, known as red Copper. It gives a red color to glass, an(^ 
is used in glass-staining. 

///. 278. Specimen of red Copper. 

MoNOXYD OF Copper, CuO, is found native, and is preparecB 
artificially as a black powder for use in the analysis of organic^ 
substances. 

Its Hydrate, CuO,HO, is a fine blue powder. Both the Ox- 
yds of Cu. are salifiable bases. 

///. 279. Specimen of CuO. 

m. 280. CuO,HO. precipitated from Sulphate of Copper by solution of 

Potassa. 

The Oxyds of the remaining metals of the third group. Nickel, 
Cobalt, Cadmium, and Uranium, are comparatively unimportant. 

184. BiiNOXYD OF Tin, SnO^, is an abundant ore, and the 
source of the met«nl. 

It may be produced in the hydrated condition, as a white 
jmwder, by the action of Nitric acid on the metal. It is used 
for polishing, under the name of Tin puMy, With glass, it 
forms vl white enamel. 

111. 281. Formation of tho hydrated Binoxyd of Tin. 

V, W, Mo, Ta, Ti, Bi, Sb, As, and Os, the other metals of 
the group to which Sn. belongs, do not form Oxyds of sufficient 
importance to require notice. 

185. MoNOXYD OF Mercury, HgO, may be prepared by 
heating Hg. in contact with air for a long time just below its 
boiling point. It is then seen in solid red scales. 

It may be produced by the action of KO. on a solution of 



Coating on Lead surfaces ? 

183. Symbol, importance, minoralogical name, and use, of Dinoxyd of 
Copper? Select the specimens, 2781 Symbol, sources, appearance, and 
use, of Monoxyd of (Jul Its Hydrate? Basic properties? Select the 
specimen, 279 ? CuO,HO, how precipitated, 280 ^ Oxyds of remaining 
metals of group 3 ? 

184. SymlK)!, abundance, and use, of Binoxyd of Tin ? How produced as 
a Hydrate ? Tin putty ? White enamel ? llemaiuiug metals of group 4, 
and their Oxyds? 

1 85. Symbol, prc])aration, and appearance, of Monoxyd of Mercury ? 



SOUBCKS AND PIIOIUJCTIII^ OF SLLPHVUIIIC Atl 

Chlorid of Mercuty, HgCl, and in other wiftjB. It is a phai 
ceatic preparation, known couitnonly as red prenpitaU. 

111. 382. SpeFimcn of figO. in OTStalline scales. 

111. 283. 1^0. fhim HgO. b; meuu of KO. 



Having noticed the compositioi 
taut Oxydfl, the binary componnd 



es, etc., of the most ii 



I, gutta pcrcha, and Indian 



THB SULPH UKLTB, 

186. A eulphiiret is a compound coneistiug of Salpbur 
Another simple. The first of these which deserves notice it 

BisuLPauRET OP Carbon, CS^. This substance is formed b^ 
^pping S. into a retort containing red-hot charcoal. 

CSg is a fetid, volatile, combnstibie liquid, boiling at 110°. 

It is remarkable for its power of refracting light, and as a st^f 
Vent for Iodine, Sulphur, Pht ' ' • - -- 

ftibber. 
~ m. 384. Specimen of CSi. 

Ui. SfiS. CSi burned with a pole blue light, and the ronnation of CvboQi»| 
and Snlptmcous acids. 

There are two Sulphurets of Hydrogen, HS. and HS,. 
latter is not important. 

187. MONOSIILPHURET OF IIVDROGBN, HS. Eq. 1 + 16: 

D. 1,19; <tir, 1. This Bubstance Es also called Salphydric 
diice it possesses acid properties. It is leas appropriately 
named £[ydro- sulphuric acid and Sulphuretted hydrogen. 

It is an abundant nataral product, being thrown out by vet 
cBuoee and Sulphur springs, and produced by the decompositioB 
of snbatances containing S. 

HS. is formed artificially by the action of Sulphuiic acid, 
H0,80„ on the Monosulphuret of Iron. FeS, or by means of 
the reaction between Bulphnret of Antimony, SbSj, and Chloro- 
hydric acid, HC1. 

HS. is a fetid, colorless, acid gas, lit^uefiahle and soiidifiable 



Common name ? Scl 
il 2SS 1 What rIaSB of 

IS6. What ia aSulphurec? Name, eymbol, and formation, of the Hrst Snl- 
])hiiTet nolieisd ? Odor, form, combnstibility, and boilinp; point, of CSi f lU- 
omiiiablc for what ? Plienomcns, otr., of its I'ombnMlon T SulfihuruM of Ht 

187. Byiiihol, cqaiya]^^lt, and dcnsitv, of MoiiOFiiljihiirei of H' OthM' 
nnniai! Nnluml Bourecsl Artilldnl feirnmtion ? Ddor, culor, and fonll,> 
of US ? Liqntlinbililj, solidifinbilily, and Eolubiiilj ■" 



4 




Atnw.'* »» r«> warrs facr- 




brkUto 

icz -wbna 'inrsed. water. HO, 
~ IJ Enxs its Tol- 




S*^. ^ xmaikabbe (ar ike i«ad- 

B T«»*fr ine-* wrrfr wiriA il laaT be de- 

""*"** 'MOiwiieiiwteusti&.toMNnbiiia 

« M~ C^ ?^. T\ md. iA am. wtA HS. *iA fodfi- 



li«k:!;s.jcL Tmq- zKvSroI tn'c^Ksftt w pwth^ o*nig to the 
frr*fai(i» «f H^ Ti* £»* if "Wibr p«iuaiM$ vbcit inhaled, 
tv w}:^T< UrprX a>ii«?iw ihzv«a:i ^ skin, y^c of it is the 
Mr ni Hjfiwr.i t.i k3C a hh^i 

White I>s»<3 jab:: <<h;«M iy« V wd ia Aoce parts of bnild- 
injr* whfTf H5. aboaBds as tk« H& cnnmts th« Lead into a 
dark Bnlphorvt. 

The MtlphoRls tf the n>«nJs ^li tkt fvtatsiam and Afamunnm 



tlwlumd! 

Pfa«nonKiia of ibe bornine of HS, iSS ! 

-' ■ " ; on Chii ■croant ! ArdaaofH. 

id At, 290 I Instanianeoas pic^are bow produced, 

l>riii):iii(r Kiil|.l.ni 



1^9. CvtnbBniliiliij of US.Hodaotitbcn ji is boiitcd.uid ibeirniDl 
RiT.liHiiin > Pbenomma of ihe banune of HS, i$9 '. Itanutabfe a 
al IIS. on iiKUls ! U»e on Chii ■croant > Ardoa of HS. 



IRON PYRITBS ANfi (ini.n. — I 

Monps do not require attontioi). Those of Fe, Zn, Pb, uid 
OBi are more hnpartimt. 

190. Uu\Osci.Pini8BT OP Iron, FeS, ia a blackish Babatance 

C«p&red by fnsiDg its dements togetber. It is used in the 
boratoiy, as just noticed, for tbe preparation of H8, 

BiSULPHrRKT OP Iron. FeS„ is abundant in natnre. 

It crystalizea in two distinct forma ; one of which ia c 
monly the cube. This Tarietj has a bronze yellow color, anil 
is known as Iron pyritt*, also as foal' a gold, since it is ofteiia 
mistaken \>y ignorant persons for ^old. \ 

Unlike that valnable metal. It is very brittle, ^ves a.strong { 
odor of S. when heated, and becomes susceptible to the n 
M that it is very easily dietiiiguished. 

The other variety, called man-iwtVf, is of a lighter color. 

Maonbtic SwLPHrBET OF Iron, Fe,B„ ia also an abnndant 
mineral. 

The natural Snlpbnreta of Iron are employed for the extrao- i 
tioB of S, and the manufacture of Sulphnric acid. 

VI. £92. Specimona of Snlgihnrels of Isvn. 

lU. !93. Iron ppit«8 loees S, and becomes sasceptihle to tbe i!iagni.>t, bj 
being heated. 

ScLPHVUiirT OF Zinc, ZnS, is a valuable ore of the wetal, 
known as Zinc Matde. 
JR. S94. Specimens of ZnS. | 

191. Sui-FHDBET OK Lbad, PbS, known aa galena, is the only" ' 
Tilnfliile ore of Lead. It crystalizca in cubes and allied forms, 
hu a splendid metallic lustre, and a density of about 7^. 

lU. 99S. Specimen of PbS. 

DisuLPHURET OF CoFPEB, Cu,S, IS kflown, when an inde- 
pendent mineral, as Copper glance. It exists in combination in 

IM. Symlio], appearance, preparation, and dj 
Symbol and ubundance of tbe ^salphoret ? C 

ume of ito vuriotj crjsializine in cabes ! Fo^.. , ,. .. 

EnAmaGold? SrmlMilnnd abundance of tbo Mngnetlc Salphunitof Iron) 
Giu of ihe natnntl SulphurcU nf Iron 1 Namu and distin^iah the dilTorent 
nwdmens of Sulphureu of Iron, S99 f Effect of heat on Iron pjritce, 593 '\ 
j^bol and HBP of Sulphorol of Zinc t Select the specimen, SM 7 

191. STinbol, common name, and use of Sulphuret of Lcad'^ Crystallino 
fann, lostrc, and density? Select the apecimon, 295! Symbol of Disnl- 
ptamt of cippcrt Name lu an independent mineral? CusS. ia (bond in 
omibintttion in whnf 



^ 



104 SOURCES, PttOPKBTIBS, AND USES OF NITRIC ACID. 

Next iu order are — 

THE OXACIDS AND SALTS CONTAINING NITROGEN. 

218. It was noticed, Art. 159, that Binoxyd of Nitrogen, by 
absorbing O, produces reddish vapors of Nitrous acid, NOj» o' 
Hyponitric acidt NO4. 

One or the other of these substances is formed, according t^ 
the quantity of 0. admitted to the Binoxyd. 
They do not require further description. 

Nitric Acid, NOg ; Hydrous, HO.NOb, is the most importan*^ 
compound of N. and 0. 

It is found in very minute quantity in rain water, especially in 
thunder showers ; and is considered to be produced by (he elec- 
tric discharges, which cause some of the N. and 0. of the air 
to combine and form it. 

It also exists as an element of native Nitrate of Potassa, 
KCNOg (saltpetre), and in Nitrate of Soda abundant near the 
northern frontier of Chili, and in other Nitrates. 

HO,NOfi is most easily obtained from Nitrate of Soda, 
NaOjNOfi, by the action of Sulphuric acid, in which case Sul- 
phate of Soda, NaOjSOa, is formed. 

Nitric acid of the formula HO,NOfi, has a density of about 
1.52 ; but the commercial acid, having more water, is specifically 
lighter. 

It is a colorless liquid, though often colored by the presence 
of NO4 ; and then commonly called " Aqua fortis." 

219. It is one of the most energetic Oxydizing agents known, 
since it contains five equivalents of 0, and readily yields three 
of them to substances capable of oxydation. 

It corrodes or Oxydizes all the common metals except Gold 
and Platinum. It Oxydizes and bleaches Indigo, rapidly de- 
stroys organic tissues, turns the cuticle yellow and kills it, and 
is highly poisonous. 

Nitric acid is used in galvanic batteries; in medicine and 
surgery ; in dyeing, staining wood, dissolving metals, etc. 



What Oxacids and Salts arc next in order 1 

218. Production and symbols of Nitrous and Hyponitric acids? Sym- 
bol of anliydrous, and of liydrous Nitric acid? Importance? Sources? 
HOjNOft, how obtained; chemical changes and product? Density of 
HO,NOft ? Of the commercial acid and why ? Color and taste ? Aquafortis f 

219. Oxydizing power, and why? Action on metals, indigo, tissues, and 
the skin ? Poisonous ? Uses ? 



AtilJA RKUIA — WALTPKTHB — SITRB— Ll'.SAB I Al'f-Tli*. 104 i 

It forms a elasa of soluble sails iniletl NitratOB. It is sluwly 
d^ccmipoBed into 0, nnd NO,, and hi-uco becomes colored by ihe 
action of ligUt. 

lU. 334. SpedmcD of coinmen-jal Nitric add. 
111. 336. HO,NO> distilled (roni XaO.NO,^ ^7 ti^al and HO.SOi. 
Ill, 336. Action oF HO.NOs on cork, whidi is repidt; eaten away. 
III. 337. Indigo bine destroyed Uy HO,NOi^ 

HI. ISO. Copper oonvvTted into a »olable tlitratc, and red fnmee formed bv 
tftio u^dOD of UO.no>. 

ni. 339. Ccold diesolved in aqua rtgia, a mixture of HO,NOi and solation 
*>IHC1., Art. HI. 

220. Nitrate op Potassa, KO.NOs, 

This Bait iH known ax nitre and tallpetre. 

It is chic&y used in making gunpowder and iireworksi nnce 
i.t contains a large quantity of 0, which it yields to the com- 
TaoBtiblea with which, in these preparations, it is mixed, and 
"thns enables them to bum iudependently of the atmosphere, 
Bnd in confined places. 

m.iVi. Specimen KO,NO,. 

l&. 341 . Rapid combustion of Sugar mixed with KO,NOi. 

Ilk. 349. Deflagration of KO.NO^ on igullcd duu-coal. 

Nitrate of Soda, NaO,NO„ is a mineral, volnable for the 
Nitric acid which it contains, and useful in the cnlture of the 
«oil, Art. 218. 

fil.343. Spocimea NaO.NOn. 

asi. Nitrate of Silver, AgO,NO„ is made by dissolving 
Ag. in HO,NO.. 

It fonns traQspnrent, aiihydronfi crystals ; and, fused into 
moulds, the sticks are called Iwnar caustic, and used in sorgery. 
It is valuable as a test for CI. 

Since it decomposes and blackens by contact with organic 
matter, its solution, thickened with gum, constitutes an indeli- 
ble ink, much used for marking linen and cotton. 

Its stain is removed by solution of Cyanid of Potassium. 
Nittate of Silver is also an element of most hair dyes. 

Ndidus and properties of its sails! Action of ligbt? Select the spwl- 
mon, 334 7 How prepared, 335 7 Acdon on corfc, 336! Indigo, 3371 
Cn, 3SS 7 Aqua regis and An, 339 1 

!S0. Spiibol, and romnuin names of Nitrate of PoCaasa! Uses and why! 
BoK-cl IhB BBtM.-imon, 340 % Su|^r m|)idly hnraed, 34t 7 DellagrBtioD, 349 f 
Bymliol and value of Nitratu of Rodn! Spceimen, 343! 

•aa . Symbol, and production of Nitrate of Silvtr ! Aplieumnu: ! Luoar 
e«uj)ii<; ! Uscx ' Indelible ink. sad vrliy ! Sluin how rcniovcd ! 
5» 



^ 



lU. 344. 8]>c<-imCB A^.NO.. 

111. 34S. l>T«-Jj>iUUi>ni of the CI. from CliloriOa by tncaaa of AjfO.NO,. 

The iiexi class of substances, compiiites 

THE OXACIDS AND SALTS OF PHOSPHORUS. 

222. Bypophonphorua acitl. PO, and Pho^hvrws avid, P0„ 
may bo Btudied in lai^r works. 

pHOi^PiioRic ACID, POj, IS remarkable for the Ujdratcs nhicli 
it forms, hb well as for its monobasic, bibasic, aud trihasic salts. 

The anhydrons acid, PO,, may be fonnod as a white solid, by 
buruing P. in dry O. It has a strong attraction for water, and 
forms by combining with it, tbree Hydrates. HO,POb, — aHO.POi, 
and 3llU,I'0|. Phosphoric acid may be foi'med by the action 
of Nitric acid on P, but great care is requisite in the process, as 
a violent explosion may occur. 

333. The different moditications of Phosphoric acid arc, then, 
the following ; — 

Anhydrous Phosphoric acid, PO,. 
Monobasic ■' " HO,FO,. 

Bibasie '■ " 2H0,P0.. 

Tribasic " " 3H0.r0..« 

[224. The modifications of Phosphoric acid give rise to a 
variety of Phosphates, with the same base ; since in a bibasie 
salt, for example, there may, or there may not be, an eqnivaleut 
of basic watur. The following Phosphates of Soda are illns- 
trations.J 
Monobasic Phosphate of Soda, NaO.PO,. Salt No. t. 

Bibasie Phosphates of Soda j nSSSSo'.. " 3^ 

f HO,HO,NaO,PO.. " 4. 

Tribasic Phosphates of Soda \ HO.KaO.NaO.POs. " 5. 

( NaO,NnO,KaO,P04. " 6. 

• It is to hi! understood Ihiit a large fijnire placed hefurf. letters multiplies nil 
Ihc k'tli:rs <a I'ur us thu first i^omma, H'hilR n smnll figoTo plared after a latter 
multipliua mon.l_y thul loiter. Thus, aHU,rOi=Hi,U,i,r,0«. 



Specitntra, 3M ! CI. how precipitated, 34S % 

aaa. What ia lajd of PO. atid PO.. ! Symhol of Phosphoric acid ! For 
whutil POi remariuLble ? How formed auhjdroQS 7 Attmction for HO, and 
reiulls of its combinBlion 1 How fonoed by NOt t 

223. Kmnos Dud BTmbols of ihodiHbicDt luodiiicatjonaof Phosphoricodd! 

■m. [How ariHO suverul Phosphatui) of tliu sainu lutse! Syinhol of tho 
Mouobasiu Phoaphalu of Sodu ? Tliu Bibaaie tlioaphutes ! Trihasie?) 



BOXK-PHOSPHATE OK LIME. 1U7 

[Of these six Phosphates of 8oda three contain basic water, 
which is independent of the water of crystalization, and which, 
unlike this latter, is not expelled at a moderately elevated tem- 
perature. 

The tribasic Phosphates are distinguished from the others, by 
giving, with Nitrate of Silver, AgCNOs, yellow precipitates of 
tribasic Phosphate of Silver, while with the others, the precipi- 
tates are white. 

HO,2NaO,P06, which is salt No. 5, is the common medicinal 
Phosphate of Soda of the shops.] 

lU, 347. Phosphoric acid formed by burning P. in O. 

lU, 348. Formation of Phosphoric acid by the action of HOjNOr on P. 

lU. 349. Specimen of HO,2NaO,P06. 

lU. 350. Reaction between solutions of HO,2NaO,P05, and AgCNOs. 

225. Phosphates of Lime. These are as numerous as the Phosphates of 
Soda ; bat the most important is that which constitutes the chief mineral elo 
ment of bones ; and is thought to be a combination of t\vo tribasic phosphates, 
having the formuU, 2(3CaO,POo)+2CaO,HO,POr>=8CaO,HO,3PO^. 

The mineral known as apatite^ is of variable composition, yet consists al- 
ways of an anhydrous tribasic phosphate, combined with a haloid salt ; but it 
generally contains a large share of Phosphate of Lime. A Phosphate of 
Lime having a large ratio of Phosphoric acid, and hence called Superphos- 
phate, is considerably manufactured for agricultural use, in order to supply 
an exhausted soil with P. 

lU, 351. Specimen of apatite. 

ANHYDROUS CARBONIC ACID, COj. 6+2X8=22. i>. 1.5; Air, 1. 

226. This substance, the most important compound of Carbon 
and Oxygen, is a gas, but is liquefiable by pressure and cold, 
and even solidifiable. It is also readily soluble in water. It is 
colorless, tastes sour, and is 1^ times as heavy as air. 

COa may be produced anhydrous, by burning charcoal in O j 
both being dry. 

There seems to be reason to consider the composition of anhydrous Car- 
bonic acid as CaO^, and the hydrous acid as 2HO,C204 = H^CiOfi. 

Carbonic acid is one of the more abundant natural substances. 

[How many of these Phosphates contain basic water? Distinction be- 
tween basic water, and water of crystalization ? The Tribasic Phosphates, 
how recognised I Medicinal Phosphate ?] 

Phosphoric acid how formed, 347 I 348 ? Specimen, 349 ? Reactions, 
350? 

[225. Phosphates of Lime '. Most ini])urtaiit and symbol ? Aj)atitc ? Ar- 
tificial phosphates ami use '.] Specimen, 351 ? Symb. equiv. and density 
of anhydrous Carbonic acid? 

226. Importjmce? Fonn, liquc liability, and solidifiability ? Color, taste, 
and heaviness i How nroduced i | Proper formula of the anhydrous and 
the hydrous acid ? | Abundance of VO^ ( 




tCbiO, 



A! 

BH '^'^ 

^F^M iS^- Fna tte CtAmmmm. CkHwbu; and 

^^^^H tf npcIW hy ttemAj d atber acids. It ia 

'~^^^^^^^' i sa p pon i ag tbe ron h M rtiiw of any mbMance 
ci,,, , : eicrpt Pobu^na (M. 1*9). 

< iT^ -nic arid, ifcfcoweYtT, decoBipoeed with 
iL ; i.^U ; ki C. goioE to fonn a part 

'.: most of its O. b liberated ; it is 

i'l '^e Tv^Mable kiagdom. 

,'_ „^ L.^i ^y.^-.... ^ ;— ^-Ui,«.fc, CMtpaMB cf Lmc. &0,COi, 

In the -Ti-^ of Qikirc&jd:>^ *'^i^l. HCl. wU the fuiMMiu a of WMer, HO, 
^ of CUoril or CUoai-, CaCL 

For dib pmceu aad Ac MllMtioa of ifce gac <na vucr, a bottle msj be 
■iiiii|,nl u IB fig. 37, pa^ 109. 

JS. 3S1. C&iBMal cbMteo : 

CmO.COi and HC3. = COi— HO. and CiCL 

IB, 355. CO* eoOecttd, in ihe nnial iny, anrtnuz. 

III. 35S. COi DlMaiMd &oni idvUf and nlkcted In displuing air,^. 38, 
FtT AU poipoac wnno fiertt ofmaiUe being pia«d m the bonle,a, are cor- 
ned with water. HCL ii lutiodaced Ihrongli the ^na^bt tale, as wonted, 
and the ga> ptaaag dtnmgh the bent tube i!oIlecls in b. 

111. SSI. Free lofilHlttj of COi in water, and formatioii of a van-UDm as 
before Keen in Gg. 34, DL 287. 

IB. 358. COi obnuned miiielcd with ■ doad of Caihooale of Ammania, 
iring Xilric add on iolid Carbotuie of Ammonia ; Kittalc of Ammonia 

III. 359. On aceoont of its saperitu' deni^ty. Carbonic acid ia poonHl lika 
Iter from one rcj>ecl anottM. d wnwtud through ih air 
til. SeO A tape nstan 7 exUngnuhed n Carbon sc d 



.^TMHirini 
A ^Vlonned. 
f '^ IB. .359. 




a28. Carbonic acid in the Inngs Is perhaps the most deadly 
ot' all poisons ; when pure, prooncing death in a few Bcconds, 
and wLen constituting 8 or 10 per cent, of the air, acting like a 
narcodc poison, rapidly causing stnpor, weakness, and death. 

Thousands of lives have been destroyed by this gas, arising 
from its varions sources ; such as respiration in close apartmcntH ; 
from fires, and flames of all kinds where it is not freely carried 
off; fr^m lime-kilns ; and from its natural sonrces, sinking into 
caves, mines, wells, and cellars, where it is known vulgarly as 
chiike damp. 

It is to he remembered that where a candle will not bni-n an 
animal can not live ; and therefore suspected places may always 
in this way he tested. 

M. 361. Bala or mice killed in less than a minute by throwing Carbonic 
add into a bell glass or jar in which the; are confined. 



healthful, and its solution is a common drink, when sweetened, 
under the name of Sntlti water, or minrral water. By the prcs- 

289. CO, in the lungB^ Destruction of life and vnrious caases! Choko 
dunp! TcstinK suspected ]Aaxxif'i Animala killed, .'iCI t 
199. CO in the elumatli > 



110 .SODA WATER. — rARBOMIC ACID IN DOUlJlI. 

sure of a force pump, a strong iron vessel nearly filled with wa- 
ter is liiglily charged with Carbonic acid, evolved, by the action 
of Sulphuric acid, from refuse powder and small pieces of marble. 

Real Soda water, to which, however, the other is preferable, 
may be produced by dissolving separately, equivalent parts of ^ 
pulverized Tartaric acid, and Bicarbonate of Soda, and pouring 
the solutions together. 

This gas is also the cause of the effervescence of wines, beer, 
and the simpler effervescing dnnks. 

111. 362. Formation of Soda Water from the powders. 

230. A test for Carbonic acid is lime water, by means of 
which it is precipitated as Carbonate of Lime, CaOjOOa. 

111. 363. Clear solution of Carbonic acid rendered turbid by lime water. 

111. 364. When the breath is forced through lime water, CaO^COi is pre- 
cipitated. 

111. 365. When lime water is thrown into a jar in which a taper has been 
burning, the clear water becomes chalky from the formation of CaO,COj. 

///. 36ft. When the air in a bell glass is breathed over, it instantly extin- 
guishes a candle, on account of the Carbonic acid exhaled from the lungp. 

///. 367. The solution of Carbonic acid, like other acids, reddens litmus. 

231. Carbonate of Potassa, KO,COa, is one of the chief 
substances in potasht and it forms the larger part of pearleish, 
although these commercial articles are quite variable in compo- 
sition. 

When solution of pearlash is aerated by a stream of Carbonic 
acid gas, and the water of solution separated, it constitutes what 
is commonly called salaeratus, and contains Bicarbonate of Po- 
tassa, K0,2C0,. 

Salaeratus and pearlash are used to make cake light, by means 
of the liberation from them of Carbonic acid gas, which, getting 
involved in the dough, causes it to be spongy. 

The Carbonic acid is liberated in the dough partly by the 
heat in baking, and partly by the use of sour milk, or of some 
article containing acid. Salaeratus should not be dissolved in 
hot water, since it then loses some of its Carbonic acid. 

The purest commercial form of Carbonate of Potassa is known 
as salt of tartar^ since it is prepared from cream of tartar ^ a Tar- 
trate of Potassa. 



Soda water how manufactured ? Real Soda water ? Which preferable % 

230. Test for COj ? Action of CO2 on solution of CaO, 363 ? Breath 
forced through Lime water, 364 ? Lime water and burning, 365 ? Breathed 
air and candle, 366 1 Litmus, 367 ? 

231. Synib. of Carbonate of Potassa? Potash, jjcarlash, and salaccatus? 
Uses ? Hot water ? Salt of tartar ? 



WASHING SODA, — KAKINU SOMA,-- CAITIONS. Ill 

iM, 368. Specimens ofpotashy pearlash, saheraiuSf nnd 9ait of tartar. 
Ili^ 369. Effervescence of Carbonate of Potassa with acids. 

232. Carbonate op Soda, NaO,COj forms a large share of 
Soda ash, a commercial article produced in the furnace from 
Sulphate of Soda, in the Soda process. 

It is comparatively pure in the article sold as washing soda, 
and cas Carbonate of Soda. The crystals generally contain 10 
equivalents of water. 

This article facilitates washing by uniting with greasy mat- 
ters to form soap ; by precipitating the Lime in hard water, as 
a Carbonate, and by preventing the decomposition of soap and 
the formation of insoluble lime soap. 

As it has a strong alkaline reaction, if used too freely in the 
laundry, it destroys the texture of the articles washed. ^ 

lU. 370. Specimen of commercial Carbonate of Soda. 

la. 371. Alkaline reaction of NaO^COa; turmeric turned brown, and cab- 
bage water gre6n. 

233. Bicarbonate of Soda, NaO,HO,2C02 is known com- 
monly as baking soda, being very considerably used in the 
same way as pearlash and salaeratus in bread and cake making. 
It is greatly preferable to either of those articles. 

The too liberal use of these alkaline Carbonates in food is 
undoubtedly injurious to health, especially if not properly neu- 
tralized by the acids of sour milk, cream of tartar, or (as re- 
ferred to in Art. 141) by Chlorohydric acid. 

The last substance, with proper care, is the best and cheapest 
to be used in connection with NaO,HO,2C02, since common 
salt is the only fixed product. 

NaO,HO,2COa (sometimes called supercarbonate) is also em- 
ployed in connection with Tartaric acid, and other substances, 
to prepare Soda water and other effervescing drinks. 

///. 372. Specimen of NaO,HO,2CO;. 

m, 373. Effervescence of NaO,HO,2COi with HCl; Chlorid of Sodium, 
NaCl. and water fbrmed, and Carbonic acid, CO2 evolved as seen in 



Specimens, 368 ? Action of acids on KOjCOj, 369 ? 

232. Symb. of Carbonate of Soda, and why?* Soda ash? Washinj]^ 
Soda? Water of crystalization ? Why used in washing? Free use? 
Specimen, 370? Action of NaO,CO: on turmeric, &c., 371 ? 

233. Sjrmb. of Bicarbonate of Soda, and why ? Baking Soda ? Too lib- 
eral use in food? Best substance with which to neutralize NaO,HO,2CO«, 
and why? Effervescing drinks? Specimen, 372? NaO,HO,2CO.., how 
made to effervesce, and what are the products, 373 ? 

* Let the learner tell what NaO, stands for ; also, CO; and Nu, — O, — C, 
and Oi, scvemlly. 



114 rHBOMATEJJ. CHLOROCHROMIC ACID. 

HO.S< » . Tl.o mixture becomes hot when made, and, as it 
cools the Ci< >j cr\>tali2es in fine slender blood-red. prisms. 
These may be dried on a brick covered from dust, &c. 

Cr< )3 is a powerful oxydizing agent, and is rapidly decom- 
posed and converted into Oxyd of Chromium by contact with 
organic matter. 

77/. 3S5. Preparation of CrOj. 

///. 3S6. Ether inflamed, by dropping into it some crystals of CrOs. 

239. Chrom.xte of Pot.assa, KCCrOs, is a beautiful yellow 
salt, extensively manufactured from Chrome Iron. It is the 
source of the Chromium compounds. 

Ill 387. Specimen of KO,CrOi. 

Bichromate of Potassa, K0,2Cr03, is manufactured from 
KCCrOj. Its crystals are of a splendid red color. ' 

///. 388. Specimen of KO,2CrOj. 

240. Chromate of Lead, PbOjCiO,, is a beautiful yellow 
pigment, made as below : — 

///. 389. Precipitation of PbO,Cr03 from the reaction between Acetate of 
Lead and Bichromate of Potassti. Acetate of Potassa remains in solution. 

///. 390. Precipitation of reddish Chromate of Silver, from the Nitrate, by 
KO,CrOj. 

77/. 391. Precipitation of vellow Chromate of Baryta, from Chlorid of Ba- 
rium, BaCl, by means of Chromate of Potassa, K0,Cr03. 

///. 392. Precipitation of deep vellow Chromate of Zinc from the Chlorid, 
ZnCl, by means of Chromate of "Potassa, K0,Cr03. 

///. 393. Brick-red Chromate of Mercurv formed from Chlorid of Mwcury, 
HgCl, and Chromate of Potassa, KOjCrOa. 

241. Chlorochromic Acid, CrO^Cl, may be distilled from a 
mixture of 3 parts of Bichromate of Potassa, 3^ of Chlorid of 
Sodium, and 9 of Sulphuric acid. 

This acid is remarkable for its close resemblance to Bromine 
in color, odor, density, and volatility. Its color is, however, a 



Crystalline appearance 1 How dried 1 Oxydizing agent ? Action on or- 
ganic matter ? Ether, how inflamed, 386 ? 

239. Symbol, appearance, source, and nse, of Chromate of Potassa? Spe- 
cimen, 387 ? Symbol, source, and appearance, of Bichromate of Potassa ? 
Specimen, 389 ? 

240. Symbol and description of Chromate of Lead? Preparation and 
changes, 389 ? Precipitation and appearance of Chromate of Silver, 390 ? 
Ohroraate of Baryta, 391 ? Chromate of Zinc, 392 ? Chromate of Mercury, 
393 ? 

241. Symbol of rhlorocliromic acid, and why? How distilled ? llemark- 
ublc ])ropertics ? 



" ARSEMC," — HSKS.— ^ 

finer red. By water it is decompoeed into Chromic and Glil 
hj-dric acids. 

la. 3M. Formation and diadllatioD of CrOiCI. 

lU. 395. Det^ompositian of CfO*Cl. by wnler. 




S43. AnsEXiOtts Acid, AsO,, ia commonly called arsenici 
thougli that term is properly applied only to tlie simple metal. 
It 19 also known as lehite arsenic, and rutshane. 

AbO, is perliapB the most active of the mineral poiaons. It 
is nsed for the destraction of rats, flies, etc., and is employed to 
some extent in medicine. 

The only proper antidote to its poisonous efibcts is recent^^ 
prepared hydrated Sesquioxyd of Iron.* 

The presence of Arsenions acid may be detected by Sulphy- 
dric add. Ammonia-Nitrate of Silver, or Ammonia- Sulphate of 
Copper. In cases of suspected poisoning, these and other meth- 
ods are employed, and greater cert^nty is obtained by bringing 
the Arsenic to the metallic state. 

M. S9fi. Spccimon of AsO^i. 

10. 397. Frecipitalion or ycUow AeS,i from eolntion of AaOi by 

SI. 398. Frodpitation of green Arscnile of Copper from Holation of AiOi^i 
by means of Amntoiim-SulphBCa of Copper. 

m. 393. Yellow AraeniUt of Silver precipitfttcd from solution of AsOj, by 
mesne of Ammonia-NiRale of Silver, 

It hafl not been thought necessary to go further with the Oiy 
acids and Oxysalts. Next follow — 

SDLPHUR SALTS. 

244, These do not here require more than a general notice. 
In their composition, they are precisely siinOar to the Oxysalls, 
but they contain 8. instead of O, and consist of a Snlphnr acid 
united to a Sulphur base. 

Thoi Solphjdrate of Potosaa, KS.HS, mrresponit to ordinarr Hydralo 
of Fotaiaa, or Onybydrate, KO,HO, which may itself be rcpirded as ft salt 

* See Acidara ^rsenuwum in the U. S. Dispensatoij. 

Afftion of water ? 111.394? 395! 

S13. Symhol of Arsenions ucid, nnd why? Common names? Poison? 
Dsea ? Antidote? 

a*3. Aft). Low detected? Certainty in cases of poiaoning? Spctimen, 
396? Prfiiii.iriilion by Sulpburcttisl HydroRDn, 397 ? By Amraunm-Snl- 
phBleuf CoiijuT, 398? By Ammotila-Nltrate of Silver, 399? Wh.it elaes 
of suits follow the Oxysalls? 

24*. Noliw of lilt? Sulpiiur suits rf.(uiiTd ' 11>eir cniiip.'Silii* ' 

|lisum|iki*T Coaipoallioii ii.iil svmlwl oC itio Siiliiiiuinin> oi luuirtsaJ . 



I 



ISS XUBK^ e-r SEKTLE^ AXV OT CBSTillX COMPOUNDS. 

:^:. I: llk^ >»;Tt iuiinru: ai^-jkuu; to- <fid4r a qwcial nodoe of the nomen- 
*aaaBs inai "^a 7^^ iituiiai iiswv jci^^szei nme femiliarity wiUi chemical 
3iKtt» joii 3iiiir mwmmc IHue }C3ii=qpu» ibov fiist distiiicdj stated will not 
agoear in'^'iL . 3;r an mifiTiigsgg icaiSiiis viHI, m manj cases, have notioed of 

Tie csrcr »«:^cikje?^ 4r« as ^-^Ik-w^s : — 

:r5tL Eticfi itms^i^ tmAtttMrnct .i&p « m^< wordjbr its namet 9sA 
C2ym:n». 2:ij ditf-Mc-.-tfJ acTjirf wcScli is a simple word, may be 
vntsmmMi TO ^ rft< oaziif cf ;& '«£m|^ sobstauice ; as. Oxygen, 

7"/ f *\crj K/iT •/:^^«'V- bovcT^r. ft» amimal amd vtgeUihU mb- 
fC'jt.ic- i^ ..'.c :. c.L'ir I^^rvt'ticsc^* ; jls for example, AlbumiSi 
S;aLrv>. MjTrlint*. Ar:=>:aia, asid CTanogen. are componnds. 

b M'^ muc wE^'^i V ;o :.fniLs not lecognised as Chemical tenns; 
Mtc&L &;<^ ^fit%.7i,. tu r?. KMLuitr^ a&d cm p perm*. 

Pl^rr u -A fytf-tAjL:' trrarsciim im oast ^ tkt alkaline^ and most 
oiiT the ^ij,rtXu Ocrjitl* : inoL as tltose <4 Potassium, Sodionit 
AbMciiiuir. &v*. Sv-v: ArtSw 171. 171* 175), wbidi, though com- 

:2{$3L Ttbe ^otIt rrrf-'re? oc' $iz^*& xc^ kapsn simple snbstanoes, as Iron, 
^Niu^iltcr. SC^^r. doi iV:L<I. b;iTv Sk3 rfciaied : in^hile, as most have heeo 
ikxik*^d. Bwcv iwin&ttiT r^fco^n^i s£xspie» huire rvceiTcd appropriate names ; 
Wv CtldNctae. a T^uovi^^ft -jmKa $«bi<aaK«>: OunomiiDn, a snbstaaoe remaika 
K^ K>r wv^-ir^ : A»i l^rinxai. firvci ct> onziaal Spanish name, platina, litll< 
$il">t«^. thsu 6>. A >3:bi>SJtiiv-^ l!v:-3LSii is: >t=:;a1I >ilTefT grams. 

i>l* Tiff Hi.rffi€s ^* a*^ s**'** ijr. with the exceptions alreadj 
Ui*tlcx\i% iuid *l:?o itjxrffft.njt •;«*«*« row***/ of two words, joinec 
by «<': a:^. Nltmt^ of Pv>ca;$:^a« Chlorid of lion. 

'tit:^ tiar\A wvf>i^« in uam<p» of binary compounds, are th 
%^m^s ly' c.u *imf*^^s «y' ariiri tJkeif amsisty with a ck4tnge in th< 
r^rmmtifiom ot the lii^t mentioned one. 

7*.*!^ cAam^i termtmatiom^ in the case of the first five simples 
is idy or j^; a;s« ChlonJ of Sodium, OxjfJ of Zinc : and for th< 
others, is irnff ; as, Sulpharrr# of Lead, Phospharre^ of Calchmi.* 

2So. Tkose stihstiiMcfs Aachg a softr ta^e^ and capable oi 
reddening vegetable blues, etc., as noticed in Art. 32, are callec 
acids, 

* Some Chemists use id where urH is here emplojed, as, Sulphid of Lead 
and also the contnir ; as, Chlomiet of Silver. 



[2S1. Why has the sobject been deferred ?] 

282. Names of simples ? Chemical names that are simple words ? Sx 
eeption in respect to animal and vegetable substances auk examples ? Ii 
respect to non-scientific terms ? In respect to certain Oxjds ? 

[283. Origin and fitness of names of simples ?] 

284. Names of compounds and exceptions ? Bole for the names of hi 
naries ? Change in termination ? Examples ? 

285. What are acids ? 






NAMES OF ACIDS. — IC, 0118, — HVPO, — HVPRR. 1S9 



I 



Adda ■' arrangfd in rlauti, according to their characteriKiDg 
dements,^ and tbere are names for Uie severEtl classes: for 
jjilo ; those mineral acids that contain 0, are called Oxygen 
addj, or bj abbreviation, Oxacids, Arts. 195, 198, 199 ; those 
Mnlaining H, and nn element of the Chlorine group, are 
Byiracidi, Arts. 135, 137; and those containing S, and not 
Oiygen, are Sulphur acidt, or Sufphacidt, Art. 244. 
266. The names of acids (except those of Olacids), are earn- 

Cdcd from, the names of /heir e/emenfs ; tlius. Chlorine and 
, rogen form Cblorohydric acid, — Sulphur and Hjdrugen, 
6mph;f dric acid, &c. 

287. The distinctive name of an acid alwayt terminate*, either 
iDK, or out: the termination I'e, being nsed to denote a higher 
rido of the acidifying element than out. 

Thns ; Snlphnnc acid is SO,, and SnlpboroM acid is 80, : 
Oiygen being in this case regarded as the acidifying element. 

3^. Since inhere may be mare than ttco acids, Jormed of the 
MM dementi, it is necessary to have other means of distiuguish- 
iDt^Jteside the terminations ic and ow. 

Thete consist in the use of the prefixes, Hypo, denoting in- 
foioiity, and Ilyper, denoting excess ; the latter, by abbreria- 
tion being sometimes reduced to Per: 

Thns; SulpburouB add is SO^; but if^^jiosulphuTOUB acid, 
luu less O. for the S, being S,0, ; equal in ratio to SO. Also ; 
Chloric acid is ClOo; but Hy/iercliloric or Perchloric acid 
it CIO,. 

289. TTiote sttbstances thai are capable of combining -with acids 
wt allied bases. 
I The sobttancos thai aro unoqaivocolly basic have no acid propertisB. 

WTiere tevera!. bases are formed from the same tino elements, 
I tliey are distingushed from each other by the prefixes, Mon, Bi. 
Ter, Di, etc., as hereafter noticed. 

S90. The names of the Oxysalts, Sulphur salts, etc., consist 
of two words joined by if; the former word being the name 
of tlie acid with its termination changed from ic to ate, or from 

Cluiea of acidi, and names of closwa ? 

SBG. Names of acids, how formed, uud exception 1 Examples 1 
S67. TeriDiaation of the diBtinclive name of an acid ? What ia denoted 
bf ic and mu t Esample 1 

288. Vfhy are other di9tinclion9 than ic, and out ne-ce^iNirj in names of 
acids 1 Meaning and lue of Hypo and Hyper, and examples ? 

289. BusoB ? Unctiuiyocallj basic snbslancDS ? Bufes of the same ele- 
ments, how distinguished 1 

390. Najnes of snch salts as the Oxysalta and Sulphsalts consist of how 
aaay words, nnd lioiv joined 1 The former word 1 Corrospondenctl in 
ckawni of termination i 

6" 



k in "ATB," tam "oob" to "itb." 
«•• to ite; «ad the latter vo«d tbe uultcred name of thai 

bML J 

Thai; 8«l^«nc and, bj ei^biiuiig with Magneaa, roniiK| 
BmitkwtrtiMa^mewbi-, Hnoalpbnro«« add with SodafonnsI 
HjpMa^Uto ml 8*>iM ; &d|ilMmni*r acid «-iUi Salphoret of | 

291. Im tab tf tht mtttaii tf grotp* 3, 4, and 5, there is an I 
* ~ I ■■ tbe name of iKe base ; tbe words, " Oxyd of," | 



WaeaKlted. 



FeCa 



I 8alpkiiric aod cofabiitea with Oxyd of Iroui I 
se, the sak w called, nmply, 8t4pbale of Iron, I 
a nalitjr. Svlplule of Ozjd <^ Iron. | 

Tkit «Ur«rialMa «!•> »/iplia to Ul« aaMC* ^ f^e Suipkvr | 
aoftj, the words " Solpburet of" being omitted ; thng, — Sulphy-f | 
j_. r X -..^ in5»e»d of Sulphjdrate of Snlphnret off 



S99. Htm ibe cMife naMF ■ after dw Gvhian itf Ou of so OxTsalt </ I 
AmcMJa, ifac termaaDoem of Ar fiaal mad briiv dtaneed bum un lo a, st I 
witfc alialif and «anbj Oxnb ; the prefix Sa^M l»iis Euffident lo distiib I 
gaiih lh« SalpfaBr sak. It » Id be bone in mind Aat Ae bate of a Snlphnr 
Mlt b a Solpbant jmt n dm a/ ao Oxjnb it an Ox^ 

293. fii tke mama of acidi etmtaining O, the rule for com- \ 
pimitdijig lie mamrt of acidi it not obterred. 

lDst«ad of saving Oxftu/pimrie acid, for the compoand of i' 
one equivalent of S, and three of O, or Oxycarionte acid, for'' 
that containing an equivalent of C. and two (^ O, tbe names are | 
abbreviated lo Sulphuric acid, and Carbonic acid simply. ] 

Tbig is done for brevity ; as the acids containing O. are very 'j 
nmnerouB; bence: — .1 

When the name of an acid u firmed from thai (f one simple 
only, the arid is knoKn to contain O; and to belong to the dost , 
of Oxacid*. 

This also applies to the Oiysalts; thus: instead of ftrysul- 
pbate of Soda, tbe name is simply Sulphate of Soda ; while the I 
names of all other salts are given, in this respect, in full; sfl 
Bidphydrate of Ammonia. ; 



Tbe latler wnrd < Examples ! 

391. Names of Icrnaiy salts of certain croups of m 
What U omilteil? Example? Docs this abbrciiai 
SulphEalM > What is omiltcil ? Example ! 

[392. Simil&ritf in tismes of Oxvaalta and Sulphsallsl Sofficient distino- 
tioD between tbe two '^ Base of a bulpbsall 1] 

293. In nhat c3aso is tbe rule for making tbe names of acids compoand, not 
observed? Exumplee? Reasons 1 How are Oxacids known, bv tLcir ' 
lEB, lo be such? Examples showlne (be application of tliis abLniviation 
unee of Ox;Mdts 7 Of aon-abbnsnation in ocbeis I 



UBDBR OF THB KAMBS IN COMPOUNDS.— PHB FIX BB. 1J1 

294. The use of pre6xea from monos. tcsqui, bi», ifr, and 
poife, signifying, respectively, single, one and a [lalf, twice, 
tbricei and five, lias been seen in the names of Mouozyd of 
NitrogMi, NO. Sesquiesjd of Iron, Fe,0„ Bichlorid of Mer- 
rary, HgCIj, Tersulphuret of Arsenic, AaS,, and Peotachlorid 
of Antimony, SbCls- 

These prefixes apply in case it is the first named element 
that is multiplied. 

595. In those eases in which the second named element is 
Doltipliedi prefixea ore formed from dit, iris, etc., sie;nifying 
twice, and thrice ; as, Dinoxyd of Copper, Cu,0, and Triphoa- 
pl)Bte of Soda, 3NaO,PO,. 

596. WAi^e teveral talu coiuut of the tame acid, uni/ed -wilA 
^eraU ba»es ; hut ike baaes composed of the lame dementi ; the 
alts are distinguished from each other, by prefixing to their 
umes the distinguishing prefixes of the bases. 

Thus; Sulphuric acid, SOj, with Mouoxyd of Iron, FeO. 
iiinns Monosujphate of Iron, FeO, SO,; and the same acid 
<rith Sesqui6xyd of Iron, Fe^Os, forms Sesquisulphate of Iron, 
Fe,0„3Sa. 

897. In naming compounds, it is the role to place the name 
of the electro -negative element* first. According to this, it is 
necessary to say Ohlorobydric and not Hydrochloric acid, and 
Oiyd of Hydrogen and not Hydruret of Oxygen ; Chlorine and 
Oxygen being electro-negative substances, while Hydrogen is 
slectro-positive. 

For the same reason, in the names of Oxysalts, since the acid 
is the electro- negative element, its name is first mentioned in 
thu of the salt. 

Immediately following the subject of nomenclature is, prop- 
eriy, that of 

* Sue Index, for ^ectro-poiitive and e/raro-Hfgaline subslnnefe. 



194. Derivation of prefixea from monas, bia, etc., and iiienning ? Exaia- 
fiet of their use ? In wliBt nuo ure the prefixes, jnst rcreircil vj, employed t 
Qui you Bbow, ftom the examples jnst giTon, that these pntixce apply to Iba 
Ent luuiied element f 

395. What i* Ihe derivation and meaninj; of the prefixea applied 10 the 
Mcond named element ? Bxamplm and their explanation 1 

S. How are tho«e aalla distiognished ttata eaeb other, which consist of tha 

acid combined with different bases of Ihe same elements! Examples, 

iheh' application ? 

_-7. Which element is first mentioned in the name of a componnd ! Of 

Una three substances, CI, H, and O, which are electro-negative and which 

nlectro-posilivc '^ Why is the acid mentioned first in the name of an Oxy- 



VXm WITH HHPLES, KTC. 
fight, n 







oiueOf, 




at tli« modifying inflaences 

rf emttdytit. allotropifm, the 

' attradiom in respect to 

and the effects 

be proper, be- 

of Electricity, loghti 



G^ns&i. LAVS or AvmriTT. 



itiiy. fli iif fcu n^ vilk aBfln. ftsd compoonde with com- 
■wMfcit. Tiwi. & a«4 C. coMbiM to fiinn Snlpbvret of Carbon ; 
Ml 8. dots Mt caafciiM «i& Caufcoaie acid, nor Carbon with 

AIn niifcniiiii aoi, « wm^&taA, amies vitb Potassa, like- 
WMe a MH^powid ; aal S«l|tMik «cid combines with Potassa. 

Ib OnwwB Cbaauftiy, it will be w«n, hoverer, that some 
conpov^s aeem to mmbms tlw pn^ertiee of siinplee, b^ng ca- 
fMt vt mni^ whli naplM. 

313. T%tTr it ^rwrWJ'y • c m i w ^ tw J gff m rA« cltuMt of eom- 
p o — nil fin! vaMk ir»/4 «k4 ctier : thus. Oxacids Qnite with 
Olyds ; ?iilph«cids with Snlphnrets ; Chlorids with other Ohio- 
rids, as in lh« donhle Chlorid of Ammonioiu and Platinnm ; and 
Solpbales with other Sulphates as in the aloins. 

There are cases where this coitespoudence is not mtuatained, 
but the rale predominates. 

Secondly, Nature of iMr tnhttimett Jprmed hy different com- 
bimalioiu of the tame element*. 



[Exunplcs. 

aiO. Definilioa of Cataljmtt Pnjper iqtpUisliDD of the term ! Exam- 
pleatj 

311. What modHVing inflnences apon Affinity hare now been refoired to? 
What sabjcti immc^ialelv fbllowB, snd vhat BUcn'eds that ? 

31S. Under (lie head o'f f/tiural lata of offinitg. what is firsl referred to^ 
What nnilc with siinplca, and whnt with compoapds 'i Exaiiipli:e ! Exinp- 
tion in OritBnic Cliomistry 1 

313. Clusscs of uimponnd^ Chat comliLno willi each oilier 1 EMiiiiplcfi ! 



LAWS OP EATtOS IN COMBISATlOh'. 

Where the aame aimpio comLinei with 0. for mAtnpIc, 
form both fiaau and acidt; the acidt arc ihose that have thl 
highert share of r while the banct have the lowest ; as notic« 
Art. I8O1 in reference to the compounds of Fe. and O ; but t] 
acids and bases gradually shade va toward each other. 

Thirdly. Tkt ratiat in which tubitanca imife. 

314. There are four laws in respect to ratios of combloadM 
QBmelj: — 

1st, the Law 0/ Dffimlt Ratioa ;• 
2d, the Law of Etjuicalcnt Ratiat; 
3d. the Law of Mul/i/ilc Ralioa ; and 
4tb, ihe Law of Ralia* of Campmtnd*. 

315. Firstly, The Law of Uefimte Ratios. TbJa is, thst 
a chemical suhstanire always consists of the eame elementB< 
combined in u definite and invariable ratio. It is illustrated by 
every case of chemical combination ; and is, 
indeed, so characteristic, as to serve as one 
means of distinguishing true chemical combi- 
ntUitm, from mere mixture, or that sort of 
onion which is seen as the result of a sort of • 
cohesion in simple solution. 

To iUaatrate the law of Dcfiniia Hatios, wo maj 
take, for exaimila, the camlimaiioo of O. uid H. iu 
btta water. Mow, preuiaely ciglit pounds of O, unite 
with ons pound of H; anil tbougb Ibfae ^ubxUiiceB 
maj combiuu with cnch other to BDf extent, yet in ease 
of direct combinacioD, there will always \k, in the eom- 
pcMind formed, oigiil times ae mach of the former, a» at 
Ihe latior; aod any eiMsa of wthcr raaiainB nncom' 
Uned. l^is may roughly he illustruled as followB : — 

m. 431. Repeated exploBionB of mixtures of O.and 
H,in Vre'a Eniiiumetcr, 6e. 41, by the electrii! spark, 
the ratioa eveiy time being prcrioualy known by 
messuremeDt (Art. 162), which, in this case, is more 

• In referenre to the use of the term nMi'o, instead of tL 

term, " proportion," it is only neoepsary to nay, that a proper repaid for th 
jwt meaning of words, aa well as for uniformity in chemical and il 
mMical phrase, seems to rcquiio it. 



Fig. 41. 




What is eajd of the oat 

tiong of the aaiue element 

314. How many lawd ii 



of tlie BubaCancea funned by different comMl 
Kxam])l(» ^ 

— J — spcet to I'ombining mlios ! Nome the fburli 

of combination 1 ^ 

316. What is the law of dejiniu mtioi 1 By what illaslralcd ? Tl 
MteriBtic nature of this law serves what pnrposo ! 

[llIuBtrato the law of definite rotios ?J Result of exiilodinj; mint 
0. ind H, containing two mea.?nn:s of U, U> one of U, *3\ ? 



^ 




140 PaiMABV KOB.MS OF IRVSTAU. 

In additioii, it maj be nnurked, that ihe law of multiple nitioi applies to 
fotDpoundc, u well as to simples ; aa is illustrated, for example, by tlie mono- 
buic, bilMfic, and liibasic Pbosphates, Art. 2S4. 

■ PecnliArilies in reftrenre (o tie conslitulioii of cenain rooipannds aaj be 
"' ' sa in case of SesqnioxTsalls. Thoa : — 

Seaqnisolplule uf Alonuaa, A1)Oi,3SOj, and 
Soiqaisulphate of Iron, FejOj,3SO(, 
S Eq. of O. in llie base, 3 also in the add, and 3 Eg. tr( ncid com- 
bined with one of haao. These pecaliuides are iuteresiing, ^id die atndj 
of all «acb cases tends to extend the thcoiy of the sdeaco. 

319. From the preceding table of tlie equivalent nmnbeiB of 
simple RiibBtanccB, the eijnivnlents of all torapounds may be 

Before leaving the subject of Attraction, it will be well to no- 
tice a epecial form of it, having some resemblances to a" 
It may be called 

CRYSTALOGBNIC ATTRACTION, 
Since it determines the 

SHAPES OF CRYSTALS. 



weu 10 no- ■ 
affiaki^^^ 



lion, so aa to form rnrslals. 

This form of al 
is modified by e 

It is ftinnd, bowcTtr, that all these diverso fonns nro modifi cation a of a few 
primsrr shapes, 14 in number, comprising 10 prianu, S odahedrmu, and a 
rforfeeoArtfron. 

3Si. A FntsK is a, solid, having, beside its bases or ends, three or more 
plane bees, sepsrated from each olber bj paraJlel edges. The len pritms re- 
Jirred to are at fotloim : — 

I. The Cube, having six equal square faees, fig. 43. 

S. Tbe Hieht Stjoaie Prism, flg. 43. This has a aqnaro bftse, but a varia- 
ble height. Standing perpendicnlprly on its base it is said to be right or erect. 

3. Tho Right ReclangiJar Prism, 'fig. M. This bos a base that is redoB- 
gtdoT, that is, square cornered, but loneer than it is wide. This prism is of 
viuiable height, and standing perpendicnliu'ly on its buse, is alio a rig^t 

4. The Bight Rhombic Prism, fig. 45. The base of this is a rhomhtu, an 
equally four-sided figure, with two acute, and two ohtnso angles. This prism 
stands pemcndicalarly, or erect apo'D its base. It varies in its height, and in 
the size of its I 



IS basic angles. 



[The Law of multiple n 
eacb coses?] What iorm > 
taJogenic attraction ! 

[820. Variability? What diversity is tlina caused! From how many and 



it primitive shape! 

321. Definition of B/irwnif First prism, and desiription'! Second 
Describe the right ' „■,■•...■. i..,.._.i., ., 



.|^ 



OBOMBTRIC CLABSinCATlOft IKT<I PKISNS, RTV. 

S. The Right Rhomboidol Pruin. %. 46. The hue of ihi* ii ■ riUtiMd, < 

aftniMidcd ngnre, having iu Icn^ annfiuU to in bnadlh. und with iwo- 
MnW and two obtnsa luigles. Tluii priHin u erect, uul varioB in height, in 
IB buic anjilM, etc, 

i. The Oblique Rectangular Prinn, flg. 47. The base of this ii __ 

^Ur. bnt it is longer than it is wide. This pri»a does not nand orect 
^on its base, bnt inclines, or leans over, ani is, theralbre, uud to be oUi'f m, 
Thii prism may var; in inclinstion, i[i length, and in the ratio of length W 
hmdui in its base. 

T, The Obliiine Rhombic FriBin, % 48, This ■« like the ligbt riraraU^ 
ucept ^t it a not cicct. Its posaiblo Tuiatioiu aie reBdil}> »uu. 

8. Tbe Obliqae Rhomboidal Priam, fig. 49, is like the Right Rhomhoidal, 
bal it inclines. 

9. The Hexagoiml Prism, fig. bt>. The base of this is a rcgalar Hexagon, 
• flgnre hsTing six eqmil sides and angles. Its height is variable- 
ID. The Kbombobodron, tig. 51. This is a rhombic prism, having iti six 

6aa til equal and each fkce a rhombiu. 

332. An OcT&HBDSON it a talid hacing aght fitca. The three oetabedrooa 
Rfemd to are as follows : — 

1. The RrgiJar (Mahalron, Sg. 5S. Eoeh of the Tmxa of ibis, is an eqoi- 
iaaml triangle, — thai is, a lijjuro having three equal sides. The fiti-es ani tH 
eqnat, and so are cho edges, 

S, The Square Octahedron, fig. 63, This has a bs«e (hat is a square. 
Saeh of its faces is an isosceles trianele, — that is, a triangle having only two 
tqnal sides. The bdght of this oct^edron is variable. 

3. The Rhombic OctahtdroH, fig. M. The base of this is a rhombus, its 
Iwiglit IB variable. 

Beside (he ten prisms, and the throe octahl^d^oQs. there is a dodecahednm, 
that is, a twelve-faced solid. The one referred to, us one of the fourteen 
uimaiy fbims. is the Raoimio Dudecahrdboh, flg, SS, whii:h has a rhom- 
W lor eitch of its twelve fact^s. These (bci-'s aro all equal to oach other. 

333. The claesitlcation of these fhnrteen solids into priiim, oclahfdroiu, uid 
1 dadeaihedTva, is b Geometric ciassificalian, here introdurcd merely to foeili. 
late lite explaitation of their reipective Conns, and to assist in their remem- 

In a correct crj/etalagenlc ctaaifiaUion. these fonrteen primaiy forms, and 
IhMT iQOdiScBtions, eanstitato seven a^steffls ; namely: — 1st, the Monometric; 
Sd, dw Dimelric ; 3d, the Trimotric ; 4th, the Moauelinic ; Bth, the Diclinic ; 
ttt, the Triclinic ; and 7th, iho Hexagonal, or Rhombohedial. 

324. 1st. Tin Monometric mUem o/ cTj/nraU. 

The term uDmnnelric eignthcs, haiiiag one m^aiure. 



[Bight rhomboidal 1 Can yoa draw a Hqnare, a rectangle, a rhombns, and 
ft lliomboid, on the btacliboard' How do oU these rii/la prisms stand! 
Which vary, and how! Doscrihe the obliqae rcrtaneulor prism! Obliqno 
rhombic l Oblique rhomboidal 1 How do the oblique prisms stand 1 Hex- 
■gonal Mism ! The rhomboh^lron '! 

SaS. Dodne an octahedron! The regTilar oclabodron ? Squoro octahe- 
dron! Khombic oetahcdmn! What is Lhcre beside the ten pnsms, and the 
three octohedron.s ! Wlmt is u duileeohedron ' A rhombic dodecahedron ? 

3>3. Qeomelric classiticulion and use ! How many systems, and their 
names on a crystalogenic clar^sification ? 

314. JJofine monomrtrjc f] 
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tint Pt. of tkr oOtn «str«nutT. by a wire sa before ; tlie rize'j 
•f lh« win b«ii^ increased iriih the niiniber of the cups. j 

as?. Hm« mu is « complete cirrmit of mctttllic and liquid' j 
Htttric ruArtri. slAitin^ from tbc point P, where the wire ia | 
i«ui«il to tfce Pi; following the wire ■Tound to the Zn. at N; i 
umk by nMW of the acids which permeate the poinuR cup, to 
tba Pl d^; &««i that br the Zn. arm to the nest cnp, and bo,< 
Ml to tb« rtwtiiig punt at P. 

T^ rimnt mvax he perfectly complete throughout ; being . 
tbomogUy <«(iii«cte<l ererrwhere; and when this is the case, | 
thfr * ia ft coastanl cWlHc action extending around and tlirongh ' 
tk« circvit. 

338. To subject a body lo the direct action of the electricity > 
thus develup^^d, th^ wire is cat, at a point remote from the cnps, ^ 
and the body is tulerpi>^d. 

Ti* e»t ttrmtHiititm of the wire, on the side towaid where it 
ia jiHncd to the Pt. at P. is the positive pole of the battery -)-, : 
the uther cut termination is the negatix'e pole — . Any point on ' 
the tide P. is po^live in relation to a corresponding point on ' 
the olbej wde ; and P. is the positive end of the battery : — N. , 
the ne^live end." 

339. Tba chemical channs in this battery are as follows ; )t« j 
slenients being Platinum. Ft,— Zinc, Zn,— Water, HO, — Sul- | 
pliuric acid, SO,. — and Nitric add. NO). 

UO is decomposed ; the and Zn, uniting to form ZnO, with j 
which SO, forms Sulphate of Zinc, ZnO.SO,. The liberated 
H. takes O. from the kO„ to re-fonn Water. 

Id this balterj- then the Pt. is unaffected and the quantity of 
water is constant ; while the Zn, as well as the acids, are 
changed to other conditions. 

The positive wire, is that connected apparently with the Pt, 
the unchanging metal ; while the negative wire is attached to 
the Zn, the metal that corrodes ; but since the terminal metals 
are not active elements of the series, the positive wire is actually 
connected with the Zn, and the negative with the Pt. 

* Faraday has Darned ihe posiiJTe pole, the anodt and the n^atlre one the 



i circuit? Completeness and CoDoection ! 

33B. Bodies how snbjecied to the omiod of the battery? Positive Pole? 
Negadve ? -|- aod — ends of tlie battery 7 

339. WbM are Iho element* of the Grove batlerv? Their chetnical 
change* % Which i» anafibcl«d ? Which a coostaat ? 'Whicb am changed % 
Whicb pole ia that connactBd with the nnaflfected metal ? Which wire in oil 
balteri«> ii poBJIive nnil which negHtiro 1 



POSITIVE POLE. — ELErTBOLiSlS. OPPOST.NO FOBrEB. ltt'1 

Tliis is Been iii a single ch[j. and holds true in all Galyat 
■rrangemeDts ; no matter wbat the metals or the corronivi 
ttsnceB may be. That is; the wire rn TtaVity attached I 
cnrrotled metal, ia positive ; and the other is negative. 

340. The electricity of this and other batteries, is capable offl 
produeiDg all the effects wbicb electricity fixim any soi 
produce. 

Its phyncal fff^t', as the development of attraction and n 
palsi'oi), heat, light, induced electricity, and magnetism, belou 
Wt the Buhjcct of Physics. Its chemical effects are now to b*|l 



2d.- — -CHEMICAL EFFECTS OF KLGCTRiriTY. 

341, These are the production of Decomposition and Combi- 
nation ; and the Galvanic battery is extensively employed for 
decompositions. 

Decomposition by tho batterj', is termed electio-c/iemir-a! de- 
eompori/ion, and alfio e!fclroft/sii. The substance to be dccom- 
posed is called the electrolyle; and, when the decomposition is 
completed, it is said to have been electrolyzed. 

342. It is generally necessary for the electrolyte to be in the 
liquid ttate; and therefore, solids to be decomposed, are dia- 
■olved, or sometimes fused. Gases, also, are dissolved. 

The electrolyte is generally placed in a glass vessel ; and the 
poles of the battery are immersed in it, as near as possible to 
eseh other; but without actual contact, as this would prevent 
the substance from bemg acted upnn. 

343- Immediately on the immersion of the poles of the bat- 
te^, the effects, whatever they may he, begin to appear. 

VariouB arrangements are employed to render these effects 
more evident ; since, without a battery of Tery grtal power, only 
estremely minute resnlta are perceived ; and this is not surpn- 
dng when it is considered, that in electrolysis, one force ia di- 
rectly opposed to another; the chemical attraction, the original 
force which maintains the union of the elemeuts of the com- 
pound, and is the cause of its stability, is to be directly over- 
come by the electric force. 



340. Effecw of thoclottricity of this battery? ITijBical efFcela ! 

341. Chemical efierts of the bacicr; ? Difitreot Mrms for decompoBicion 
by electricity '! Tcnns for the Bubslancea to be doromposed ! Elcctrolyied 1 

342. KecesBary state of ihaelDctrolytoT Solids? Tlii; liquid how arranged ? 
pDlaa! 

S43. Cunsi^qDcnce of the immenion of Iba poles? Certain arratigrmcntH 
Kby required' Meets wby so minute? Whifh aie llie opposing forces' 



4 
4 
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^^^■t htt» bren eetirotiled. that the quantity of electricity necei' 
^^^Hr to deronipobe a single grain of water, is as great as is dis- 
^^^fcp4 in a powerful flafib of lightning, in a thunder storm. 
^^^Q|(. ». lU- 413. Water, eomcwhat KcidQlated with Sulphuric add, 

^^^^^-t f^ u dKompostd; 'as O. appearing at (he poailJTe pole, and id M- 
^^^^ I •! Ibe nrgalire. 

^^ I- IIL *U. The polM being; Burromiiied, as ia fig. 58, with sniall 

i^an celld or mbcj. tlie gases ore separately collcttud, and msj 

b* (eaMd br th« ai'lion of the 0. on burning, and the inflamTni- 

' ' a fl ; or, Ihev may he nuxcd and exploded by the anpli- 

Samc. or by a portion of the electric circuit, heated bj 

''I ibe baimy to farighl'incaniloscouee. 

3M. It is curioDs. tluttin the electrolysis of water, theminntt 
J babUcs of B. only appear nl the neguive pole ; and tbose el 
O. at the posiriTt : ooiwilh^ianduig that if the dorompocitioo 
if efferled at any one poiul whaterer, since the poles are not ill 
mntaet, there mnit uecessarily be a movemenl of the free ps^ 
ticlDS, of one or of both elements from (hat point, lo oneiorw 
^ both poles, 

EWrn.ii'^ ft aperfitiU alohlisitd, JSouww, tAot in all cates ofdtanJjiii. 
of IVv r am all buds of Bibilatica, Aen ii M JKcA thing as a frtt elaiupl 

OBjpirAwr, txrri4 In contact leith a pale. 
Thi* ran be ■ccouDlcd for by supposiuj; that there is not merely a decon- 
posilion of a singlo alom of the rompound, but of a whole eurius or ron of 
atoms, teaching arniss from one pole to the other. 

3*S. Suppose tlie eh ■ irolyte to l* water ; the arranpcment of [he lettcn 
H. and O. in the first li/.e below, wpreecn ting; a series often ntoniB ofwatnr, 
forming ■ line between the two poles -|- and — woald indicate their conditien 
before the electrolysis begins ; and before any liberation of either element ; 
while the' arrangement in the second lino indicates the result of the decotnpo- 
ailion of apparently one atom of water; an equivalent of H. being free at thi 
negalJTe pole — , and also one of O. at the posilire -f- ; nine undecomposcd 
atoms being left. 

I 2345 G 78 FIO 

+ HO. HO. HO. HO. HO. HO. HO. HO. EJ. HO — 

123456789 

+ 0. HO. HO. HO. HO. HO. HO. HO. HO. HO. H — 

By tins it u meant io represent that there has been a decompositiOL uf tan 

atoms of water, in order lo Icare a single finsl dwiimposition of one .itom ; 

and to brin^ an atom of O. to the posilire pole and one of H. to the negative ; 

the other nme atoms of each, having lecombined. 

In this way, then, the ten atoms of H. have each made, simnltaneouslv, a 

half step toward the nEgative pole, and those of O, n!so, a half atop in'lho 

opposite direction ; so lliat, while nt carh end of the line, a single atom is 

l^e, the other eighteen have merely changed partners. 

Ttiis supposition ia weU soslained by fikcts ; one of which is, tlint the grtsatvr 

Quantity of electricity required to dei'ompoao a grain of water 1 Describe 
the deeomnoairion of water, 423 ! Collcclion of the eases, 434 ? 

(344. What ia curious in the electrolvHis of water' Why? What is per- 
fbctly established in reference to free elements in tho electrolyte ! How ac- 
counted fhr T 

n4S. Can J 
IIiQ oxpln nation t) 



DBCOMPOSITIOXS BY THE GALVAMl' KATTERY. 151 

Aa distance of the poles apart, the more difficult is the derompoAition, since 
•0 many more atoms have to be decomposed for the waino result. 

7//. 425. Water colored blue, with a drop or tri'o of a solution of Indigo in 
Btlpfanric acid, or with anj vei^etable coloring; matter, and containing m>m<) 
CUMid of Sodium, NaCl, is almost instantly bleached by the liln^nition of 
O, on the immersion of the battery polci). If the polos arc not moved, it can 
be seen that the decolorization begins at tlie positive pole ; proving tliat the 
GL is there liberated. The Sodium, the other element of the NaCl, docs not 

Spear, since it combines with the O. of the water, to form Soda, NaO ; while 
ii liberated instead of it, at the negative pole. In u little time, and hv 
■OTing the poles around briskly, the H. and Ul. will I'omi a mixture of froth 
OS the surface of the liquid, and may be detonated by a li<rhtc(l matoh. 

346. The poles of the battery are generally tenninatcd with Platinum, so 
fiuras they are to be immersed in the substances acted upon. Were Copper 
]N)le8, or poles of any of the more oxyda))lc metals to be employed, on immer- 
sion, the positive pole would in many cases be corroded ; and the electro- 
n^iative substance eliminated would disappear, on account of its combination 
wiSi the metal. 

Ill, 426. A mixture of Starch w.' .or and solution of loilid of I'utossium, KI, 
tarns purple, by the liberation of the I. and its action on t'r.e Stardi (Art. 10). 
The color appears at the Positive pole, showing the I. to bo there lil>erated. 
The Potassium K, like the Na, is oxydized as f;ist as liberated ; Hs.ap])ear- 
ing at the negative pole instead of it. 

lU. 427. A mixed solution, of Ferrocyanid of Potassium and Nitrate of 
Potassa, which is nearly colorless, acquires a deep color on being subjected 
to the action of the battery. 

This is the hasis of the electro-chemical Telegraph, or " Bain's 
Telegraph." 

m, 428. A solution of Acetate of Lead is decomposed, and brilliant scales 
of metallic Lead appear at the negative pole. 

M. 429. A piece of metal or plaster cast covered witli graphite (plumbago), 
attached to the negative pole, and both poles immersed in a solution contain- 
ing Copper, that metal is gradually deposited uniformly upon the surface of 
the metal or cast, and may be afterward sei»arated, having exactly the impres- 
sion of every variation in the surface upon which it was deposited. 

This is the basis of the clecfrott/pe process by which an en- 
graying may be copied and the copies multiplied to any extent ; 
or common printing type may be faced with Copper. 

lU. 430. A similar arrangement as in III. 428 ; but with the body to be cov- 
ered, immersed in a solution of Cyanid of Silver, there is a dcposite of Ag. 
upon its surface. 

This illustrates the process of electroplating, which consists 
in covering bodies by electrolysis, with metallic silver. 

lU. 431. The same arrangement with solution of Cyanid of Gold. 




oflodid 

427 1 Electro-Chemical Telegrapli ? Acetate of Lead, 428 ? Solution of 
Co, 429? El^ctrotypingf Solution of Silver, 430 ? Electroplating f Solu- 
tion of Gold, 431 ? 



^■is. 



tSV BLBCTO-MBTALLUBOy. — DI9C0VBEIBS. AURORA BOStil 

This illustrates eleriro-gildfng, or the process of coTering irlfii . 
Gold by electTolysis. 
IB. us. A tolution of Sulphate of Soda, colored nith red cabbi^ w, 
" ' us (fig. S8), (bell ■' ■ - ■ •■- 

die liberaieil Sd1| 
>n of the Soda. 

347. These operations give some indication of the decompo- 
■IDR action of the Gnlvanio battery. By proper arrangements 
« prpHt ■variety of coiapoands may be decompo.sed. 

(ialvnnic electricity has been a valuable agent in scientific 
nsw>arch ; and has very greatly aided the progress of chemical 
science. By its assi^laiicc Davy made bis renowned discoveries 
of the exisipiicc of Potassiimi, Sodium, etc., in the alkalies. 



The process for depositing metals by means of the battery, 
from siilution, in electrotyping, and electroplating, and gilding, 
belong to the art of ElKtro-melallurgi/, or working in metals by 
rieclricitv. 

348. Combination, as produced by electricity, seems to he 
matnlT a secondan,' result. When it is produced by the bat- 
tery, it is connected vith decompoMtion as in tbe oxydation of 
metals connected with the positive pole. 

Tbe electricitv developed by the glass electric machine m 
consequence of friction, or that discharged from clonds in thun- 
der storms, or from the atmosphere, is capable of causing direct 
cbemical combination of mingled elements, as in case of the for- 
mation of Nitric acid, Ammonia, and Water, already referred 
to (Arts. £18, S48. and 314). 

349. In connection with the appearance of the Aurora Borealis, 
there has been repeatedly noticed a continued action of elec- 
tricity, over the circuit of the Telegraph wires, capable some- 
times of producing chemical and heating effects equal to those 
of one hundred and fifty cups of a Grove battery. 

350. Those substances in electrolysis whicb are attracted to 
the negative, pole, are termed fleclro-jmntiit substances, while 
those tbat are attracted to the yotitive po/e, are termed electro- 

Elcctro-gildiuj;? ESect of Galvanic electricit; on Sulphate of Soda, 4331 
817. Vfllno of Galvanic electricity to icienco^ WTiBt diBcOTOries did Davy 

make by meanB of it ? What ia Eleclro-metallurg}' ? ModificationB of Electro- 

motallorgy 1 

348. Combination as produced by electricity ? Machine electricity or that 

discharged in thunder etorms in capable of producing vrhat t Enamples ? 
_a*9. Action of the eieetricitj of tha Aurora Boroalis and the Telegraph 

e altract«d to the n 
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This IB in accordnnce wiih tlie plectric principlp, i/iat India 
Ht ^ffrrtnt electric condifitmf, atfracl raih othfr. If a pole ig 
poBlive, the substance that is uttracted to it must be therefore 
considered iiega.tiTe. 

It has been seen in operations, 133 to 433, that O, Gl, I, and 
Sitlphnric acid, are attracted to the positive pole of the battenr. 
They are therefore said to be electro-negative ; while H, the 
metala, and Soda, having appeared at the negative pole, an 
electro-positive. 

The arrangement of Babstances as electro -positive and electro- 
negative, is merely relative ; for, although H. is always positive 
in respect to 0, it is negative in respect to Potassium. 

The following series of symbolH reprceenla the more common 
simple substanceB, in their electro- negative and electro-positive 
relations to each other : 0, the most decidedly negative, being 
placed first. This is sncceeded by those whose negative char- 
acter is leas and leas marked, and thus the series gradually 
ehades into positive substances ; terminating with Potassinm, 
the most decidedly positive of all. 

Any substance in the series is therefore positive in respect to 
my other standing to the left of it, and negative to any one on 
its right : 

— 0,"F. CI, Br, I,S, N, P, Si.Au, Pt,Hg,Ag, Cu, Pb, Sn.PB, Zn, H,0. 
Al, Hg, Ca, Sr, Ba, Ns. E-|-- 

Kflzt we may refer to the 

CHEMICAL BELATIONS OF LIGHT. 

3S1. That chemical action is a Mource of Ligbt, is seen in the 
baming of all fires, as well as in the more moderate illumina- 
tion, resulting from the slow consumption of Phosphorus by ex- 
posure to air, and in the decay of animal and vegetable matters. 
It is well known that putrefying fish and rotting wood, under 
favorable circumstances, yield a faint glow in the night. 

The cause of the superior brilliancy of certain flames, such 
as that of illuminating gas, was referred to in Art. 81. 

The more rapid the chemical combination is in fires, and as a 

EleeUic principled What has been seen in operatioDB 423 to 433 iDcla- 
riret The urangGmGDl of electro-poeitivB and elcctro-negalive GnbRtanea 
it what* H. in reepect to O ? In raapect lo Potssaiom ? Wbat does iha 
Kiiea of BymboJs ropreuot % The most decidedly nt^ative snbetance ! Tho 
tnMldeciaedlvpuaitive > Electric relation, in the series, or a anbatance stand- 
ing to ihe rif-fit of another 1 To the left ! What ia nesl referred lo t 

351. Ghemicnl action a sonrce of lip:ht? Explanation of tbe cause of tba 
brilliancy of certain flames? From wtiat does intense light rosoltt 
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IM m*nw or rm «GA:rTTTY or bkit to the eutiVALBNTg. 

s, the more intenee a 

ibustiou of solids thd 

ig Sames, if the arrang'C 

tk» Carbcn suuuitaaeouEly with the E^ 

k » smfaetOtkt •• wenmm tb Sgfct b; a mora rapid burning. 

aSB. Tftr tliwtrri t^brt* V Ligit. in prodncing decomposi 
tiaai.«r « i wp Jeri ag iwhal aue e a active, have been referred -ti 
Ik I ■Mimliia wWl tte P^a M wo ijp e. Arts. 12, 16. and 14(3 
tba ■Biitiifiwi at CUanm. Art. 21 ; the decomposition «=* 
Kibk mM. An. 819; aW tW eralation of O. from Carbou.5 
MaLhT-lWaUardMMSiMBmgrthe^een leaf. Art. 39. 

TW iBMt adiTv tmn vt tlkoae whieh emanate from the suxi 
h f I atet ka ellMieM daeoMpoahiMi, as of the compounds o^ 
8ih«r «llh L fir. «ad CL ia pbatonapbr, are the violet anC 
•ma the mm taftaagBbla lajra of Uw solar speetram ; bnt tb* 
j«Bav ka Ifat gn— Ml alfeat oa vagetation. 

THI «:*«MM>*' SBL&TIOKS OF HEAT. 

laL^-ITS CHBMICAL 50URCBS, BTC. 

35S. It is coandvrfil to be e$tabli^ed, that there ia an in- 
T«riabl« devvlopmem of beat in all chemical combination. And 
,tti8 is now c<M)c«iIe<l to be an ultimate fact, for which no com' 
flete and consi3t«'nt explanation can be offered. 

It Is also held, as before intimated, that the quantity of heat 
Aevaloped in corabustion, respiration, or in chemical combina' 
tioa of auj kind, is in th« same ratio as the number of eqaiva^^ 
leBb Aat combine : so that, if the amoant of heat developed in 
tin combiaation of a subotance with an equivalent of O. is takea 
as a standard, the combination of two equivalents of 0. must 
produco twice as much heat ; or, if any substance combines 
with two eqaivalents of Gl. twice as mnch heat is produced aa 
if that or any other substance combines with one equivalent 
ofO. 

354. The nature of firt and fianu and the chemical explana- 
tion of these phenomena has been made (Arts. 4, 30 to 38, 81 
to S6), so that now we need only to notice certain relations 
and efiects of heat. 

353. Gire exunplM of the chemical cSecta of Light in prodndng decom- 
poailioDS ! The nolvt and loore refrangible rajs of ihe solir Bpoccmm • Of 
the yellow 1 The next sulijecl to be atteoded Eo 1 
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359. Ii is explained in treatisci) on the Phjsipot natyect of Hrol. tliBI Tui- 
ablG amonnls af heat wfll b« reqaired (o wwm diflervol tuhstuicca to th« 

Sopposo it ia deiiied lo rniae Uie lemperature of a ponnit of water ftmn 
iiC lo 60°. hn the qanntin of heal ncccsEarr to produce thii effect b« i«p- 

TBwated, arbitrarily, by iho'nambor 1000. Tlien, how much brat compara- 
tively will be Teqaired to raiso a pound of Zn, froni 1S° lo 80° * Experiment 
hu >hown that the qoaatiCy required (br this ]iiirpow will, an the aamo sob 
•4 before, bo bnt 95. 

Specific heat is the compArntive amount of heat required 
to equally raise the tempernture of ef\iin\ weights of different 
substanceB. Water is the standnrd in this respect ; snd its 
specific heat being represented by lOOO, that of Zinc is QS. 

3S6. This subject is of great practical, as well aa of theoretical importanoe, 
and has roccircd considerable attention from scientific men. 

Their inrestications have been condacted, aod their resalls obtained, in 
varions WBjs. One of the processes used, is known at tlic " method of mix- 
Hires," and may be illostraied as follon-s : — 

lU. 433. Equal wciphts say of water and of Mercury, hnl al different tem- 
peratures ; the water for example at 200-', and the Hg, at 50-', are thorough- 
li stirred iogcthcr, a Ihermomoter being inserted into the vessel, to indicate 
UiO inatani when the tempcrataro of the Ilg. ceases lo rise. 

If Iho operation is performed on a sufBcient scale, and with perfect accnracy, 
the result should lie 195.3-', (br the tenperamre of the Hg, when it ceases 

Tho water and the Hg. being Iben both of the some tempera- 
ture, the water will have lost 4.8°, and the Hg. have gained 
145.2'^. Then, since the heat which has wai-med the Ug. has 
come from the water, and must he equal to what would warm 
the water 4.S°, it can be eoucluded, that the same nmouut of 
heat which would raise the temperature of water 4.8^, would 
raise that of Hg. 145.2^ [ and that their specific beats are in 
the inverse ratio of 4.8° to 145.2°, which is, very nearly, 1,000 
for water to 33 for Hg. 

The Bpecifie heat of most common snhstancea has been deter- 
mined. Tlie results exhibit an interesting relation between 

• II wiU t 
the result h .^ 

tmiment can not fail lo show a very strikinj^ disparity between the g. 
TO of the Hg, and the loss in that of the F" 



pSG. The compamtivo amounts of beat necessary to raise the lemperatorca 
of apoand of water, and one of Zinc from 4S"'io60^it What l» Specific 
bMtf The fltaiulard in respect (o Specific bent? If the Sp. heat of water 
!b 1,000, bow ranch will Zinc be 7 

[3S6. Importance of a knDwlcd;>e of Specific heat 1 One of the proceusi 



V ibt expcrjoout is conducted with perfect accuracy what should the result 




a 



THB -'IMPO.\OEEABLB" AUENTS. 

tjtocific brftt kail ccnnbiiilng r^tio. For, in majiy cases, it U 
ftinnd thai the saine unoont of faeat is required to equally taiae 
tltr temperature, of eqsiTalent weights, of different substances. 
a«. for example, that cf 28 pounds of Iron, and of SS ponndg 
of Tin. The jirogreas of inresligation may establish the prin- 
ciple that the specific beat of the atoms of all eabstances i> 
tithtr die same, or is in some simple ratio. 
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357. These consist in the production of decompo»itio» t 
aomtituUio*. And while Light and Electricity are important- 
■genic, in nn)diiyinp chemical attrflction, and prodncing changes' 
in i1i(> ciuiHtiluiion of bodies, the inflnenees of lieat if not more 
upariy niiivrrsid, are generally much more available. 

Klcriiiriiy id most freqnenily employed in the character of 
an i'(ijiosiii(; force to Affinity ; as in the protinction of direct 
dt-ci'miHiiJiion i but, while Light and Heat are both occasionslly 
employod in the same way, they more generally appear, not as 
independent «grtils. hot u modifying influences to aid, direct, 
or rontrril the action of Chemical attraction. 

SM*. "Tht tima wu. wbco Elemidir. Lighi, uid Heat, were considered to 
'' ' ' ' I, bsl af snrh extreme letinil;, that their WDiE^l, 

— J whoUj inappreciable : hour* mey 

or Agents. Hub riew \aa been 
SHbImUt hMtaK WKiuA. maiil tke pn^seot tinte. 

Now, itiiwim NHM geaorallT to eonaidor it as altogolher more probable, 
Mm dw pbMnMB»» h Mtttu fora ascribed to the action of malenol fluids, nli. 
*r tbo MMW j«M sNca, •« more likely the reetilt of mrtain motiona or 
c on d hioai i, uoms dn auau of iMdioary maim. 

TU* vww «a«Id atwiciate Anrartion. Blectriehy, IJebi, and Heat to- 
^Mker Hora iniBuucly thwi the oilier, and accoidiogly, the Chemical rela- 
BOM of Awe ",^w- a^rtUt," or modes oT action, bare been considered in 

Vipr, haniif; alteDded somcvbu to the pecnliaiities and intimate cotutitn- 
lion of 4i8kt«iu materia] sahstHnrcs, n-e are here bener prepaied to onder- 
atand any relationa whidi ihcai- Fnlutances may have, to anylhing nnasoal, 
atnootf tbeic pnqienie* or coDditiona. 

And. conauily, 'Sbane extremiiica, in temppratare and InminoBity, wbieb 
an tmognited ai conatitstillt; Heat and Light, and that peculiar excitement, 
or state, temied Eleccrieity, are not the commonest, if ihey aro4be normal 
condition of matter. Tha subject, howevor, here opens into such extensiya 

In what ratio ate the Specific hoat5 of Mercury and wsler ? 

3ST. The Chomieal effects of beat! Action of Li^t, Electiicily, and 
Hent, in causing changes in the conitimtiou of bodies? Electricity most 
frequently employed in what way ? How do light and beal most genBraUy 

E. What were Electricity, Ligbl, and Heat, fonuorlT eonaidered i 
were they lermed on this account ! What la tbe preeeat tl 
BBcnts would (Ills Tl - -- -■ 




IFbnwelveB w the ni 

' M elject in view. 

369. What is cnlled ieat, then, is capable i 
•tanccB, of producing the opposite effects of comhinalion and] 
inompotition. 

Bl. 43i. A verv amall stroog glua cop, filled Kith ■ miitore of O. Bnd B. M 
On die appliCHtion of flame, llicre ia an explotioD in ronMquenoe of tbAl 
comblaatioQ of the mixed gaACa, and Lhu fbnmilion of wAlvr- 

IS. 135. The KHme cap being perlbrtlj cold and dry. a few ctyslaln of 
CUonte of Fotassn are inln>duced into it, and r litlle Salphnric acid. A 
brigbt yellow pa, Uypochloric add, CIO,, a romiioDnd of CI. and O, aoon 
^)pau«. Thii, on the applic&lion of fiatne. CKplodcs violenlly, in cotuo- 
qsMicB of iu decomposition into its elemonu. 

Here, then, heat, applietl id the same way produces precisely 
opposite effects, a combinatioa of previously mixtd elcmcnta in 
lie former instance ; a decompoiititm of previously comhined 
elements in the latter. And the substances acted upon, are in 
both cases, in the same form, namely, that of ^as. 

360. Bat, as before noticed, the agency of Heat is tnore fre- 
qnendy a modifying agency, exerted at particular teniporntiires, 
where, often several affinities are brought into play, to influence 
ihem in particular directions. 

Examples of this sort have appeared, in the operations 
already employed for other objects. Thus, by a moderately 
elevated temperature. Chlorate of Potaasa, Art. 28, containing 
three elements, CI, O, and K, has been made to give up its 
affinity for O, so that that element was eliminated, while the 
attraction between the CI. and the K, has been nndistnrbed, 
if not strengthened, and these have remained in combination. 

Again, by a moderate heat, Nitrate of Ammonia, Art. 1S8, 
Tu made to yield a compound gas, the Monoxyd of NitrO' 
gen, which would afterward support burning, by means of itA 
; while, by a red heat. Art. 258, on a live coal, the same 
substance was made to yield O. simultaneously with its own 
decomposition, and thus to cause a violent burning of the 

It ia by the powerful heat in the constant blast of a tall 
furnace, that an ore of Iron is made to yield up its O. to the 
superior affinity which the Carbon mingled with it, can exert, 
at this temperature. 

At a lower temperature, even in the presence of the coal, this 1 



359. Opposite effects of heat 1 Combiiinfion liy hi 
tiOn by heat. 435 'i 

360. Chlorate of Potosmi ! Nitrate of Aimnonia ! 



b, 434 ? nceompoit- 1 



158 MODIFYING EFFECTS OF HEAT ON AFFINITY. 

result could not be attained ; nor could it, at any known tem- 
perature, however high, if the coal were absent, and the ore 
alone ; while, without the ore, the coal thus heated, would have 
its attraction for O. satisfied wholly from the atmosphere, in- 
stead of taking a portion of it from the ore. 

However, these matters are only suited to the more ad- 
vanced student, and, therefore, passing from their consideration, 
the third part of the course, treating of Organic Chemistry, 
may now be entered upon. 

Next subject entered upon ? 



TBB 

0HEMI8THT OF PLANTS AXD ANIMALS. J 



THEIR LIVING PRODUCTS : 



RESULTS OP THEIB NATURAL DECAY, 



ARTIFICIAL TRANSFORMATIONS. 



361. Tliis portion of tfae mbject is denominaied Oboinio Cokmibtht ; 

— it is the ChemUlr; of bodie* eappliDd with orpaHi, br some of which 



thej inutBfbnn ihe mailer that nonrishcs them into » part of thcmseb 

»b11 as olAa- tnvnia, by which pecntiai- prodpcta arc formed, that are d 

for other nses uian Chow which the neceiisily of the individosl m&j raqnire. 



All Bubetanires that, as compountl elements, constitute a por- 
tion of animal and vegetable tissueK, or of their nattirsl prod- 
ucts, BB well StB those fubetances which the Chemist can form, 
only from an animal or vegetable prodaction, are termed india- 
eriminately, organic rubstanca. 

Tkr tiJtilaKru in ihia teriet are remarl-aile in raped to their 
compoiilion and ike meant of their formation. 

Ist.^-COMPOSITION OP ORGAMC SUBSTANCES. 



362. Organic tuislance* contitt chicjly of the Jbar dements; 
Osygen, Carbon, Hydro^n, and Nitrogen. 

While some of the other simple elements, enter to a mode- 
rate extent into their conipoBition, not more than fifteen or 

What dcnnrtmentg of the subject are mentioned under Part Ul ? 

[361. Wh; Organic CliemistryT] Organic substances! These ore tt- 
markable for what ! 

363. The four chief elements of oi^nic bodies? How mnay of iha simple 
ndMuccs enter into their composition ^ 



KlGO FIXEP AND VOLATILE ELEMENTS I 



ft 



^^^Btwenty at the outside, of the more than sixty simples known^ 

^^^■•te recognised as being regularly present in organic bodies. 

^^H^ 363. Organic substances are distinguished for the large num- 

I b«T of equivalents which enter into their composition ; for, while 

some, such as Cyauogen and Olefiaut gas. are quite simple in 

their constitntion, containing three or four equivalents only, 

and thus approach inorganic substances in composition ; by far 

th« larger soare, and especially those that are formed by the 

ud of vital action, contain from a dozen, to a hundred or more 

equivalents. 

364. Since 0, C, H, and N, form so large a share of organic 
bodies, they have received the distinguishing title of the organte 

They have, likewise, by way of distinguishing them from 
cerlain other elements in plants and animals, received the title 
of the volatile organic clemenU. 

Generally, when a solid animal or vegetable substance is 
burned in the fire, some ashes remain. The substances left in 
these ashes, having withstood the heat and remained fixed, are 
called the fixed organic elanenU. 

In the burning, all but the ash, which is never but a small 
percentage of the whole, disappears in an invisible form, as gae 
or vajior, and passes, for the most part, into the atmosphere; 
from which, indeed, it was originally, chiefly derived. 

365. In this operation of burning such bodies, the volatile 
elements C, H, N, and 0, or that portion of them really consti- 
tuting an animal or vegetable tissue, or product, go into the aii 
mostly, in the shape of Carhonic acid COj, water HO, and Atti, 
moRiaNU,! substances previously noticed and whose proper- 
ties the student now well understands. 

In the ashes, the fixed elements constitute such well knowr 
substances, as Cblorids, Fluorids, Iodide, Bromids, Sulphates 
Nitrates, Phosphates, Carbonates, Silicates, Hydrates, and per 
haps some Oxyds and Sulphurets, containing the simple el& 
ments, I, Br, 01, F, O, S, N, P, C, Si, H, K, Na, Ca, Mg, an< 
Fe, and sometimes Mn, Ou, and As, say nineteen in all ; ani 
some of which can not be said to be regularly present. 

3S3. Eqnitnlents of Or^nic Substoncea t Examples and vhj of thosi 
thai approacli Inorganic snbalanccsl 

364. What titles have O, C, II, and N, roceived and whj ? What remaini 
when an animal or vegetable solid eabilancs is burned? The enliatancei 
left in the ashes are called what? Perconlago of the ash ? Besides Che aal 
what becomea of the remainder ? Wbonce wtw it derived I 

385. In this buming what are the Tolatilo olcmcnig converted into ! Th( 
fixed elemDnts coaaiiinico what in the ash ! Mentioa the simple elemeuti of 
OiBsnic substances, and tell how man; in -" * 



ORtiANIC SDBSTANCEe MIT ARTIFLCIALLV I'BODliCIBLE. 161 I 

Thflse Baits, Oxyds and SulphuretB, form no part of chflraO'-J 
(eristic organic siibBtaaces, and will not be noticed in tlie desi-rip-l 
tion of the seiies. 

Having considered the simple elements of organic bodieB, i 
Bav proceed to notice the manner in wbich ttioy arc comliinedt'l 
to form the characteristic substances of the series ; bat 6rBt WB ^ 
i»j glance at the 

Sd. MEANS OF FORMATION OF OROAMC StIBSTANCBB. 

366. These substances all originate with the action of the 
forces wliich arc peculiar to living tissues ; being the producti, . J 
or the derivatives of the products of Cliemical affinities insti'.a 
tuted, modified, or controlleii by vital influences. I 

There are many substauees artificially produced, hy pure I 
chemical means, belonging to the Organic series, but they all, 
mtliout exception, perhaps, are msnafactured from something 
tlat nature has produced, in or from organized bodies. 

They can not be formed fi;oni the direct or indirect combination 
of their simple elements : indeed, should Chemists be able to 
taim one of this series of substances, W the combination of its 
ultimate elements, that would be a Buifieient reason to eject it 
frnm the series ; since it is desirable to have some definite and i 
definable limit to Organic Chemistry. 

The Organic Substances first in order are the 

NATURAL COMPOUNDS, 
PRODDCED BY LIVING PLANTS AND ANIMAlfl. 

These may be divided into first, cegelahh, and, second, animal I 

components and products. 

1st, — VEGETABLE COMPONENTS AND PRODUCTS. 

367. These constitute the following groups ; Ist, Neutral ter- 
tary tahitanccs ; 2d, Neutral qKatemart/ nibttancet ; 3d, Alka- 
Indi, Peculiar Prmeiptea, and Natural Coloring Matters; 4th, 
OiU, Fats, and Retina; and, 5th, Aeid» and Sail). 

Notice of suits, OxTda and Snlphorets, imd wliy ? What is next glanced 

366. Organic linhatanpes originate wiih what? Froimvhiit are artiflcinlly 
prepared orpntiic Bubstnncea, manufuctui-ed ? Reason for pjecling a safe- 
itance, formed hj the combination of it^ ullimatu elements, from the organic 
■eriiH? What clasB ofor^nic anhstances is fitat in order? What two divjc- 
kma of tlw cinsa of Ifntantl Cumpoundi prodaced bv Plants and Animals I 
Which division is first noticed ? 

367. The Ave groups belonging to the divitton of Vegetablo CompoBenU 
and ftwduclB ? 



f have no 1 



IBS COMPOSITION OF COTTOW AND WOOD. — S" 

GROUP 1.— NEUTRAL TERNAHT SUBSTANCES. 

36S. TliesR siibhtnnces are cnlk-il neafriit, giitcp tliey h 
active properties ; tlml is. tljey are not acid, nor alknline ; they 
ue not intensely hitler; and Jo not exert any energetic effect 
in BtiimilBtitig. dernn^iiig, or impeding animnl fimctions, or in 
diverting tliem from tneir usual course. 

They arc itrnnry. for tliey contnin only the three elementB 
0, O, anil n J and tlie 0. nud U. nre always in tlie same raUo 
aa ill water. CeUiilexe, Sinrch, the StigarH, and Gum, a 
cbief tn embers of this group. Tlie fii'nt is 



aubstaiiM ] 



CELLULOSE, a,H»0^ Eq.ZU. 

369. CdlvloM IB so named, since it is the cliemtcal substailM 
that constiintes tlie proper cell-walla and vegetable ti 
is Beeii nearly jiitre in clean cotton, and well*worn linen. 

Compacted, slightly modified, and hardened by tlie deposits 
of eartby and other mnttets, it becomes common wood. 

Oelliiiose is inRolulile in water, alcohol, and dilute fteids and 
alkalies. 

STARCH. Ci,H«0». Eq. 5S4. 

370. This Kubfllnnee is abundant in the seeds of many plants; 
as in wheat, and nil other kinds of com, in rice, &c. It is ofteii 
present in different parts of plants, and especially in subter- 
ranean stems, as in common potatoes. Arroip-root, tago, and 
tapioca, are merely stnrch. 

Starch is cotfiposed mechnnieally of somewhat globose mi- 
croscopic grains, which, in different pimita, are of different 
shapes. It is ins<iliib1e iu cold water, but in hot, the solid 
grams are changed so as to become soluble; mid when the 
water is in small quantity, a pasty, semi-liquid mass is formed 
for laundry purposes. 

In disBolviiig, the Starch seems to have nndergoue n chemical 
change, since it does not react wjtli I, as when diffused in cold 

III. M8. The action of nquQonn snlntion of I, firaton Search diffiiaed in 
cold wntcr, aod afterward an anothPr portion in hot. 

Wliich 19 tlio first group of Vegatabla Components and Prodnets ? 

3GS. Why aro tlicao nrnlrnll Why lemnry! In whot riiiio nro tho O. 
and H, alwnys ! The chief mc^mbers of tho group of Ternary Vogetable 
Neutrals ' Svmli. «nd (■quiv. of Collnloso ? 

369. Wliy 13 Collntoso so cflUedl Where seen iicm-ly [nirc? Whut Jh 
wood? Soluitllity of Cellulose 1 Sj-mb. and equiv. of Sl'artli ? 

370. When does BUuch ahoand ? What are amiB-roM, tago, and tapiaea 1 
Mi'thanicBl compoailion of Starch, and sliapo of (lie prnina? SolnUlitT ! 
BftVcl of diSBOlviilK il in hotwalfr, and rcaoiion with 1? HI. «36, 8l«TCh 



t 



STAKCH INNUTK1TIOV6. TRVSTAt^ OF SUGAR. 163 

371. SlarrA is A valoabte element of food ; for, altlimipli not 
mfnVi'oiM, in the correct sense, being incapable of contribnting 
la tliB fonniition of flesh, it supplies tbe animal system with i 
portion nf the Carbon and Hydrogen, which are consumed b 
respiration. It mny tliereforc prevent that decomponition of 
detib, wbich, in the absence of ternary substances in the B^'Stem, 
voulii be necessary in order to supply C. and H, as aliment for 
CBspiration. 

CANE SCGAR, CtiHiiOM. Eg. MS. 

372. This is tbe Sugar of the juices of plants, such as of 
Sugar cane ( Saccfiurum o^cinantm), of beet (Beta wJgarU), 
and of several species of maple, Acer tanAarinitm, Acer aigmm, 
&:c. In its cmde state, it is termed Munrorado Sugar. 

Dissolved and clarified by albuminous matters, such as bloody 
kc, bleacJied by animal cliarconl, eTHporaled, and partially 
dried, it is tbe ordinary tc/iile nigar; more thoroughly ilried it 
is haf, tump, powdered, or cruihed sugar. Tlie sirup, drained 
from it in these operations, containing sugar so altered as not 
to be ciystaliaable, is tbe variable liquid known as nwlasaei, or, 
pimply, :Tup. 

S7S. i'o prevent a change in constitution, the result of a too 
elevated temperature in tbe evaporation of th' water, from ila 
solution, the process is conducted at the r>fi. tim. In tacvvm 
pant, or shallow closed iron veasels, from which air and vapor 
are exhausted by pumping. Thus, the evaporation proceeds at 
BO moderate a temperature, as to prevent the decomposition of i 
the sugar, and the product of crystalized sugar is increased. , 

374. Cane Sugar is soluble in ^ of it* weight of cold water, j 
From concentrated solutions, it crystalizes in transparent cryi> ' 
tale, wbich are a modification of tlie obligue rhomhic prUm, a 
therefore belong to the MonovUnic system. Art. 326. 

The crystals constitute rock candy. By heat they lose four I 
equivalents of water. 

SI. 437. Spevimciia of crjslalized Canu Su^jr. 

871. la Stairh nntritions ^ Why not "> What use does it bbtvo as food 
Brmb. and eqnivi of Ciuie Sogar f 

972, Where is Cane Sngai found 1 Cnido Sopiir ? How ronverted ti 
while Bnear, and louf, and lump Sugar ? Whnt is molnsBcs, or nirnp 7 

87a. Why are ™ou«h pom employed in (ho evaporation of tbe water ol 
■^ardmpl The pans how kepi free from air and vapor ^ Effect on fl» 
mwmity of the product 1 ^^ . 

874. Solnhility of Cane SuRnr! Cr7a(alij;im'on, shape, raid sjitcm of Hi J 
CTTSt^ t Koct ranily 1 Effort of heat *? Spocitiiens, +17 f ' ' 



1 
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164 CANB ASa GRAPK Sru&B DISTINaulSHED. 

Tli« Sugars Mrre the samfl parposeas Starch in the a 
ecouomy : that is. tbey are immtritioia, being incapable 
fomiing JltM^ ; bnt they may be converted to fal, and are i: 
portant meane of supplying alimeat for reEpiration. ■" 

GLUCOSE. OB GRAPE SUGAB, CHmOh. Eg. : 

373. This is the sugar of honey, and of fmits of di 
kinds, giving them their sweetness. lis taste, however, is not 
so intensely sweet as that of Cane Sugar, probably owing, in 
part, to its less free solnbility- 

II requires 11 times its weight of cold water to dissolVB it, 
and is not readily cryetalisable. 

The solid sngar contains, beside the eqnivalents given aboTft 
4 eqnivalents of water which are expelled by heat. It is oat, 
of itself, an article in extensive nse, bnt has, in some cases, 
been employed to adulterate Cane Sugar. 

376. Grape Sugar is easily dtstiugnisbed IVom Cane SngUi 
by the action of Solution of Salphate of Copper, Potassa. and 
heat, which quickly cause a yellowish or reddish brown predp- 
itate where grspe Sugar is present, even in small qnauBtj, m 
' " e of the two Sugars. 



lU. «3S, SolatioDs of CaiK So^ai sod of boner, in leparste test tnb««. In 
Mi-b of M-hkh sotnaoo of SoiphaK of Copper and of Potasia an: added, and 
die tiib>» hi-ld in the fidme of ibe epiril lamp. That coDtwniag boney soon 
tana brown, bat the otber it for a long time DnaSecUd. 

Grape Sogar is iuteresting in conseqnence of its direct rela- 
tion to alcoholic fermentation. Milk Sugar will be noticed in 
the class of Animal Components and Products. 



GUU, C^HnOu. £9. 334. 

tanee coostitntes the purest 

of the cherry tree, in Linsc 

— r, and the string pasty. aducaivB Boinnon is 

called mucilage. Gum is the chief constituent in vegetable 
mucilaginous substances, jellies, &c., as currant jelly. 



377. This substance constitntes the purest Gbm Ara&te, and 
is present in that of the cherrj- tree, in Linseed, fmits, &c, I 
diKH>lves in water, and the strt>ng pasty, adhesive solution i 



Use of Sojtatn ia Biod t Symb. and Moir. of GhKom > OAer nam« « 
375. mwre in Gluv«»e found? Wbr tm>( so sweet u Caae Snear' 
dissolve G!Bc«e ' Cryslalixability i WMer in ih^ 



■^id Gnpe Sngar 

376. Bt what meaas are Cane and Grape Sa^rardistinfiiBhFdT Describe 
Ae owruHia, 438 < la what relalion u (Inwe Sa^v istereati»> W^n 
b Milk Sugar noticed I FunnuU and n|Bir. ofGoa! 
. VTbtiv ii GitBi fuuud ' Sofaabail7l Maril^e 




^H TIANfinilMAnoNS OP aVU, aTAICH, SOflAI, ETC. 16S 

^1 Jaan article of food it is of Ui« same charEcteriu SUrch, and 

lie Sn^ra. 
IS, J39, Spedmoiu of gum. 



378. A remarkable Bimilaritj preTailB in the compontian of 
\i\e members of ibis gronp. They not mt^rely consist of ibe 
tame elements a»d bave, Ib« 0. and H. which they contain in 
the eaiae ratio : but Cellulose, Gum, and Slarch, Iisve the itame 
composition. Tho Sugars va:T> among oacb other, and from 
Cellulose. Starch, and Gum, onlyin having a few more or less 
equivalents, of the elements of Water. 

7Ti»f timilarity in eomponlio* Jiieora thote traa^ormatumt ^ 
<me into another, uthicA are ro common in planlt. The mucilagin- 
ons matter, in tfae juices of plants, is organized into Cellulose 
for the cells and tissues : it is given a sort of organized arrange- 
ment, and deposited in the tissue, in minute grains, as Starcli : 
It is made to take a trifline difference in composition and is con- 
verted into Cane Sugar, wnich dissolved, circulates in the juices 
of the stem and branches: or modified somewhat differenlty, it 
increases in quantity in fruits as they ripen, and is converled 
intft Grape Sugar. 

379. The Starch which is accnmnlated in seeds, serves, as 
they germinate, to nourish the young plant; the Cellulose of 
whieh, constituting its cells, is derived from the Starch of the 
spmnled seed. 

Bo also, the accumulated Starch of the potato tuber, serves to 
nourish the spraiiting bud, and this loss causes the potato to be- 
come shrivelled. 

Kotwitli standing the similariti/, in composition of the members 
of this group, and the 'idcatily, even, in some, they arc evidently 
nuIQce in properties. 

CeUulose is insoluble in water, whether cold or hot ; Starch 
is solnble in hot water bnt not in cold ; the Sugars and Gum dis- 
solve in cold water. The sugars are crystalizable ; Gum, Cel- 
litloBe, and Starch, can not be crystalized. Cellulose and 

Qnm as an article of food ! Spcrimoii, 4.19 ^ 

378. Members of this group how dmilnr T Elements? Ratio of O. to HI 
Composition of Cullulose, Gum, and Starch 1 How do the SnEa™ varj from 
■ach other and from the otiier members of the group ? Thii sitnilmitj in 
DDinposition favorH what? Describe the modiHtations which the Gum, or 
maetia^noiia snbstance of plants undergoes 1 

379. Tranaformations of Starch in BeoJs and tubers ? The Tomary Voge. 
table NeatralB are timilar, idmtlcal, and unlike in what? Solubility, crja- 
laJiiatrility and oreauimtion of the membon of this group ? 
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dJBsnlirr. And tliese Intter olso differ, since Albumin is coaga- 
lable by beat, and LcguDiio is not. 

386. Like the tnemberH of the previous group, they are, hy 
natnrnl. and to Home extent, by artificial meanEt converted iato 
each other. 

Albumin, which, as before mentioned, ie present in the juices 
of plants, plays, in their growth, an absolutely indispensable part. 
Plants increase in size by a process of cell-formation ; and it is 
found that Albumin is invariiibly present in the active lining of 
cell walls. Being thus indispensable to vegetable formation, 
and organization, it w termed protoplasm, that is, the JirHjvna- 
JMg material. 

387. Albumin does not remain, as a proper constituent of the 
real cell-walls ; for, as the activity of the cells becomes no 
longer necessary, in those parts ol the plant which are com- 
pletely formed, and are then to remain as a quiescent part of 
the vegetable stiucture, snch as the inner portion of the stems 
of herbs and the trunks of trees ; the active Albuminous lining 
disappears, being absorbed and transported to the growing por- 
tions of the plant. 

Thus a very email quantity of protoplatm may serve the 
purposes of the growing forces, being active in the formation of 
one set of cells, and then, leaving them, and passing on to asust 
in the building of others. 

388. The Albumin is itself produced in the vegetable oi^an- 
iiation ; its N. having been derived from the Ammonia, NH,, 
and its G, U, and 0, from the water, HO, Carbonic acid, CO„ 
and Ammonia, which the plant has absorbed. Ammonia, Car- 
bonic acid, and water, — these three substances, constitnte the 
material from which the Organic elements are derived. They 
are absorbed by plants in two different ways ; the Ammonia 
and Carbonic acid come in tn the plant in the hquid form, dis- 
Bolved in water, and absorbed through the roots fi-om the soil ; 
and also, all these are taken in, in the form of gas and vapor, 
by the leaves, directly from the atmosphere. 

Bow do they differ in propenica ? 

3BG. Mataol coiivertibilily of Qnanenur; neulraU! Albumin, and the 
growth of plantg ? How do ulants pvw i Where is Albumin iuvariably 
present 7 Why termed proloplasm ? Meaning of the term 'f 

3B7. Albamin as a permanent eonsticuent of the celt walls '. From what 
pan of the plant is it withdrawn 'I To what port transponud 7 Quantity of 
protaplaain may how bo buibII % 

388. Albumin where produced ! Soorce of its N7 Of its C, H, and f 

Byi nbola of the Bubstancea that supply C, H, N, and O, to Bom Albumin 1 

■i*v_. J--,g suhBtunces are the material for the dorivation of the organic olo- 

" — "" "" -d HO, absorbad intoplnniHi Twowoya? 




iCBSTANf ES WHV STOKEll IM TItH SUBD. — niUTOPt.ANU. 



389. TTi*? vegetable Albtimin. then, Mens to bo the m 
.fton which tbc other Quateniarj- Neutrals, are. derived, u 
^'legnmmouB plsiitx, it is modified to form the Leguinin of theJi 
Kedi. And in seeds genemlly nnd especially in ^niii, hnving 
teceived a low organisation, and become converted into Olutin 
it IB stored, in an insoluble forui, so as uut to he lost, ognluBt 
tbe time when it shall he again required. 

With many plants, the formation of seed is the last office of 
ihdr existence, — this process accomplisbcd, their juices then dis- 
^pear,^ — tkey wither and die, — and when their stalks are chem- 
iMuly examined scarcely an Albumtnou4 trace can be found ; 
the whole having been transferred and stored up, in tlie seed. 

390. But the new occasion for the Albuminous matter, anfles, 
when the seed is to originate a new individual : — a young plant, 
— which, as it heguis to spring tiirth, haviug no organs of its 
ewn, by which it can act, like the maturi; plant, upon the earth 
ind the air, and take its nonrishnieut from them — ie dependent 

ra the stored Glutin, for the material of its proloplasm. and 
first formation of Hs new celts and their active linings; 
vliile the real walls are formed from the starch, which has been 
Ueffise. deposited in the seed fur that purpose. 

391. Theie fualernary Muhatances are tie matt important 
v^elaMe productt. They are tlii> ultimate sources of the nour- 
islunent of auimals ; for, being identical with Uesh in composi- 
(l6n, they furnish without chemical change, the material 
Which muscle or flesh is organized. 

Even Carnivorous animals are dependent upon these 
teble Bubstauces ; for it is from these^ that the flesh of thi 
prey has been derived. 

It will be seen herenf^r that the process of the formation of 
animal tissues, and especially of that which constitute tMBUSculnr 
fibre or tlesh, is merely an organising process, — n prtit:^ in 
which the tissue is constructed out of material derived frojh the 
food, and ori^ally from the vegetable kingdom. 



389. Wliich of the Qualcmary Nenlrals in (he sgurcu of the olliers '• Prob- 
able •DBTce of the LegainiD of beans i Iiico what iiuolubte condidon is Al- 
bntttin converted in eeede, how and for what puqHiee ? Fioal office of many 
plsnU ? When the seed is perfect^], what in many cased becomea of Ihe 
plvil? la Albumin fiiuud in iheir dead ilaSm''. Wimt liaa become of it? 

380. When does the new uccoaian, for [he s»red albuminous matter, arise ? 
Why can not thu germinating pinnt take its nourishment from the earth and 
Um «ir, like the mature plant ? Where doea it get the material for its prolO' 
jdaim and for its cell walls '. 

391, Importance of the .QuatEraory Naulrals and why? Their composi- 
tion and that tt flush T Chemical change of the materia] in the orgauiiation 
of fte»h ' Oimivoroiit nnitnnis ' 



] 



w — ' 

^^H no rilK \M.\1\1. OEPF.MIANT ll\ ■rill! I'l.AiVT. 

t Tlie animat 1ms no power to cliange tliC clieinJcal oonBliliition, 

I evrn of siiWnnccs containing; llici requisite elements, into mnt- 

^^^_ tcr for the formatifin of flesb. This office ia perfonned solely 
^^^L l)y plants. 

^^^H Tbc vegetable organization takes the mineral stibslances, Am- 
^^^^B monia. Carbonic aciil, and water, from the earth and the air ; it 
^^^^ clinnges them into new aubataiiceB of a peculiar cbemical com' 
F pnifition.— into Glntin, Legnmin, vegetable Albiunin ; or anb- 

r 



stances linving tbe ei 




essential eoinposilion, and tben 

products tbus ready formed, 
become, llie food of animals 
onil lire em ployed, witbout 
change in cliemieal composi- 
tion, in tbe constmction of the 
animal fabric. 

Hence these JVcKfra/QMate/'- 
■nari/ Qotnpou-nds constitute the 



connection I 
animal and ' 
connectioii < 
m «hicb n- 
tbe animal 
kingd 
ited. 



ide l)ctwBen 
lifej the 
the other hand, 
ter passes from 
< the vegetable 
be exhib- 






then, fig. 59, 
may symbolise to the mitid the 
whole vegetable world, by 
means of many differeut spe- 
ciesof which, air, water, and 
EARTH, are transformed from 
their inert, and wholly unavail- 
able state, iuto those subBtances 
that shall serve aa food for 

392. Nejit in order, is the third Group of Vegetable Com- 
ponents and Products comprising Alkaloids, Peculiar Princi- 
ples, and Natural Unchanged Coloring Matters. 

lut. — THE VBQKTABLB ALKALOIDS. 

These substances are quite numerous : 'the most important 



'll'"h"iE*"''"'' "f tll« vr-Buliih 



What idcns doCH a ]>laiit, bb a green ti 

SM. What i* I'omprised in Ihe third g' 

frmim't-ii WImU Mik-tni<w- i>f tiouii :■ 




uupunani ■ 
ipoiwntinl I 
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are Uorpfaine. Quinine, CaSeine, Tlictibromine, Strj'cbninfr, and 
Nicotine. These may be taken op in order. 

393. ilOBPHtNB, C„H,iK 0„, Eq. 385, IN u) alkalrfld. existing in 
opiuiMt from which it is extracted and von verted into saliiie pr^ji 
arations for medidiial use. The propertiesof the concrete jniee 
of the Papaver tomnifcrum, known ae opium, depend chiefly 
upon the presence of this alkaloid ; although there are aeveral 
other BimHar principleB present. Morphine derives ita name 
from the Greek, MorpAeiu, the God of sleep onaccotmt ofils 
somnifeTous properties. 

394. QiiNiNE, Gi,H„N,0„ Eq. 310, in the most valuable con- 
stituent of Peruvian. bark. Ljke Morphine it is converted into 
some s'aliue form for medicinal nee. These two alkaloids are 
mnch less solnljle in vt^ than their salts, and therefore their 
saline forms are'niore ijedaily active on the system. 

395. Caffeine,. C|,H,oN,0., is the chief active principle of 
Ua and coffee. It is more abundant in green tea, of which it 
constitutes two to five per cent, while it is less than one per 
cent, of coffee. Caffeine is more readily soluble in hot water 
than the preceding alkaloids and is much less poisonous and 
less stroD^y alkaline and bftsic. 

Theubro.vixe, C,,H,N,0„ is contained in the seeds of TAeo- 
brffma Cacao, from which chocolate is manufactured. It is less 
active than Caffeine. 

396. Stbychnink, C„H„N,.0,. is one of the most powerful 
poisons known, a single grain being capable of can sing death. It 
ifl fonnd in the Stryrhnia tutx-romica and in other species of 
the aarae genua. It is intensely bitter, being capable of impart- 
ing a bitter taste to 600,000 party of water. 

397. XicnTiNB, Ci„II„N,. may he referred to, in connection 
with the previously named subutanccs, though it differs from 
tliem in containing no O, and in not cryetnlizing. 

The most Important vej^etnble alkaloids ? 

893. Btmb. and e<fuiv. of Morphino and wh;! Where it Morphine 
found' Inlo whnl is it ronvertod and for vhnt purpose! What is opium 
aod on what do iw propenits thieflj depend ! Name of Morphine and why ? 

394. Symb, and equiv. of Quinme and their meaning? Where fotind^ 
Hedicinal form t Hoason why nscJ U9 mils f 

ass. Symb. of Caffeine and why? Active principle of what? Qnantity 
in green tea and eofles ? Solubility ! PoisononB, basic, and alkaline prop- 
ertiee? Symb. of Thtobromine and its meaning? Where found! Ac- 



Symb. of SCrychnii 
Symb. of Nicotine' 



I and iti meaning? Poiaon! Where found 1 
Difftrs how from the olher alkaloidB ? 



GROUP IV.— THE VEGETABLE OILS AND FAT8,^ 

Whicli exist in living plants. 

403. A peculiarity may be noticed in the composition of tho 
membera of this group. They are almost all ternary or Ji'ko'J. 
eonsisting either of C, H, and 0, with a f ery email ratio of the 
latter; or they are composed of C. and H. alone. 

The group of Natural Vegetable Oils and Fats may be divi- 
ded into two snb-groups : I" irBtly, those that can not bo vola* 
tilized unchanged, and which are therefore said to be Jixed ; anl 
secondly, those that readily evaporate and are called volat'ih. 

THE FIXED VEGETABLE OILS. 

404. These oils nre generally separable into a fiuid portion 
termed ole'm ; and a solid substance t«mied jaargarin, since its 
acid forms pearli/ salts. Special names however are sometimes 
l^ven to the solid and fluid part of the natural oil. The compo- 
sition of these substances is not constant, so that formulas can 
not be assigned to them ; but tbey consist chiefly of Carbon, with 
several equivalents of H. and a very few equivalents of O. 

405. The tised oils are divided into two subdivisions •.■~^rtt! 
the drying oili, or those that are decomposed by exposure and 
leave a solid residue ; sucb as Linseed oil. extracted from the 
seeds of flax {Linam usilalixsimum), and Hape-seed oil, from 
different species of Brastira. 

The drving of Linseed oil is hastened by boiling it with 
lithai^, the Monoiyd of Lead, by which means a vegetable 
vtueiu is coagulated, that would otherwise impede the drying. 

The teiMnd division of the fixed oils do not dry, but by expo- 
sure they absorb Oxygen, become randd, and are converted 
into acids. Olive Oil (from OUa Euroyea), Castor oil (from 
Ricintca communis), and Falm oil, are examples. Next follow 

THE VOLATILE VEGETABLE OILS, 

406. These, generally called essential oil*, are remarkable for 
their volatility and odor. They may be arranged in two sub- 



n Itie compoailion of Oils and Fats t 



The 4 th grOQp 

403. Peculiitril 
First one noticed 

404. Scpambilitj of fixed oils into whntl IFormuU why not 
_..i:.-. ■.-. .. gf g^pj jijjj I Drmm/ oils and cxompli 



General 

405. T 
O.xjd of Lend ? Chararjcriatiin of the Sd 



Two Bub-groupa 1 
sssignablD * 






tiojicd 1. Vfhal 
sulidiviaioni' of \ 
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BURMMS FtriD. — KXPLOMVK .MIXTI'KK^. i'i^^ 

divisions; namely, ternanf oiht or tlioso contAiiiiitjc ; and 
^ry oils, or those consisting of C. and H. alone. 

Among the tcfnary oih, may be mentioned Oil of (*innamon, 

I CjiHjOg ; Peppermint, CjiH^oOi ; Lavender, ('iftll,/ ); ; and Anise, 

/ C„H„Oi. Ihe natural oils generally consist of a /^«/V/ portion, 

or the oil proper, and a solid part, or Camphor ; there being a 

camphor for each of the oils. 

Common camphor (the production of the Ltiurus vamphora), 
is an example of this sort. Its fonnula is C-joH,^();. 

407. The Binary oils are such as those of turpentine^ jynipert 
kmon, orange, bergamot, etc. They genernlly have the equiva- 
lents of their C. and H, in the ratio of 5 to 4. 

Oil of turpentine, the most abundant of these, is obtained by 
distillation from the crude turpentine of Pine trees. Its density 
is .865, and it boils at 312^. It is much used for illuminntion, 
for dissolving resins, in making varnish, etc. It is generally 
called camphene. 

Dissolved in alcohol, it constitutes connnon " burning iiuid,'* 
which bums without smoke, while the volatile oils, owing to the 
large ratio of C. they contain, all produce a profusion of smoke 
in Darning. All the oils of the same ratio of the components, 
C. and H, are frequently included in the title, Caniphens. 

408. The ready combustibility of fats and oils, is well known. 
The volatile oils are more or less soluble in alcohol, and very 
slightly in water. They rise in vapor, and may mix with air, 
to fbxin explosive mixtures ; and this is true, indeed, of all vol- 
atile combustible liquids. The force of the explosion will de- 
pend upon the ratio of air to the vapor. 

f m, 447. Specimen of Palm oil. 

Jtt^ 448. Specimens of Volatile oils. 

JZ/. 449. Combustibility and explosive properties of Volatile oils. 

,1U, 450. A dull smoky flame by burning oil of turpentine, and a clear 
hrigfat one from its solntion in aleonol. 

lU, 451. Camphor burned, dissolved in alcohol, etc. 
Next eome th< 



GiYO exaniples of ternary volatile oils ? Solid and fluid ])arts of the na- 

toral oils ? Camphors ? Common camphor, source, and equivalent ? 

407. Examples of Binary volatile oils / The most nhundant? Source 

'' ^ of oil of turpentine ? Density and boilings point i Uses i Common name Y 

Burning fluid ? Volatile oils, why smoko when l>unied '. What is included 

iQ the term Camphens i 

*408. Combustibility of fats and oils? Solubiliiy of volatile oils ? How 
form explosive mixtures? Other Volatile comhustible liquids ? Force of 
explosion? Spcinmen of Palm oil, 447 ? Of Volatile oils, 448 ? What is 
shown of Volatile oil?, 449 ? Of oil of turpcntmo, 450 ? Camphor, 451 ? 



SOURCES or CAOUTCHODC AKD fitTlTA FBSCHA. 
BHSI.\S AND BALSAMS. 

409. Resins are solids substances, existing nainrally in to1»' 
tile oils, thus forraine balsams, or natural vamishea. Tbey 
may have originated from ati Oxydntion of the oils. 

ComfTUm Train, or Col-ophimy, is the solid reridne, in the distil' 
lalion of oil of turpentine from the crude article. Pinic, SUvte, 
aud Pimaric acids, all having the formula, G„Hx,0„ are essen- 
tially the same as resin, or rather isomeric modifications. 
Copal and Mastic are other examples of resins ; and Amber 
appears to be a fossil resin. 

410. CAOtTL'HOUc, or Gum elastic, is a substance existing in 
the juices of many plants, as the Jatropha elatlica. and Mevea 
GuianeHsU. Its composition has not been settled, but it is 
thought to contain equal equivalents of C- and H. It is dis- 
solved in Ether, Bisulpburet of Carbon, and in certain fluid 
compounds of C. and H ; by which means it is wrought into an 
immense variety of articles. It is vulcanized, or rendered 
firmer and more permanent, by being incorporated and heated 
with 8, and other suhstances. This substance, and Outta 
Percha, are related to balsams, oils, and resins, 

411. Gt'TTA Percha (from the East Indian tree, Uonandra 
gutta), differs from Gum elastic in containing O ; also in being 
readily softened in hot water, by which means it is moulded into 
any required shape. It consists of several resins. It is soluble 
in C8j, which, by evaporation, leaves it unchanged. 

The 5lh group of Vegetaiile Components, &c., comprises the — 

NATURAL VEGETABLE ACIDS AND SALTS. 



OXALIC ACID, C,H,Os. Eq. 90. 

This acid exists in many plants, and especially in several 

species of Oxalii and Riiniex, plants known as sorrels, dock. 

What aabstancee fbllow ? 

409. Source flnd conditions of Resina and Bnlsams i What is co/opfionyt 
Acicb mentioned in connectian witli resin? What am Copal, Mastic, and 

*10. Source of Caoatchonci Composition 'f Solubility? How mUam- 
izfdf Character of Caoulchouc atid Gultanerrha^ 

411. Sou—* "' f-^'. 1 — 1 r\:re..^. I...J. e_ _ ji 

Compositio 
Products ? 

413. Nnmber of Natural Vegetable acids and sails 1 The most important ! 
Sjmbol and eqniTalent of Oulic add, aud why 1 £xiata where T 



If Ann. i?1 

rhubarb, etc. It fbriDs ucid mIIb in tht-se, niid ^vith n mmr 

to their juices. Its name k derived from OxalU, lliu gviierld 

Ume of ttie wood sorrels. 

413. It is mannCactrired, oa the 1arg;e scale, fiom the actiMJ 
of Nitric acid upon Sngnr nnd Starch ; frum a mixture of Nm 
Icale of PotaBsa, Buear, and 8nlplinric acid : from shavings, ete, I 

8ngar is converted (hy the octioii of Nitric acid), into OxalicM 
Carbonic, and other acicts, and ilie, XOs is deoxjdized into NO|g 
vhich, absorbing O. from the air, forma Nitrous acid, etc.. a 
thua produces a lai^e Toliune of reddish brown vapor. 

414. It is very soluble in water, from which it may be erys- i 
lalized. Its erjEtols contain four equivalents of water, wbidi { 
are expelled by heat. It differs from the other vegetable acidi^i-l 
in not being charred by heat; and n capable of snhliming.i'i 
though in this process it is partially decomposed. 

415. Oxalic acid is an active poison, and death has frequently 
been caneed, through mistaking it for Epsom salts, or fi 
other harmless article. The best antidote is chalk and water, or 
IJme water, with which the acid forms insoluble Oxalate of Lime. 

lU. 453. Formation of Oxalic arid bj die M4ion of Nirric add on Sugar. 

IU.m. CryHtaJs oT Oxalic acid icadilf tme In a Bask. Bjr continoing 
tho heat, ihe arid sulilimcs on the mid parts of Che fla»ik, but is uartkUy da- 
compostid, and gives t]ie poweifall; putigeni odor of Forniir arid. 

fli. 454. Limii water with OsaJic acid, yields a prccijiitate of Oxalate of 

416. NErTRAL OxALATB OF PoTAHSA, C,K|0«, is a frvely eoluhle salt* 
formed bj aeucralUing Oxalic aeid with Carbonate of Pula^u. It ci^slal- 
iies in riramhic prisms, and lias a bitter taate. 

BiMOXALATE Or FOTAtisA, Ci(H}KOh, a a natural ealt. It causes the 
aonr taste of Ihe surrela, {n>m which, having been originally extracted, il wag 
called mA of aoird. It is useful for removing iron Elaina from linen and as 
a BolTenC for preparations of Iron. 

417. Id renpert to Ihe formulas of these salts and their acid, it may be no- 
ticed. Ihiit the aider formula of Oxalic acid, was CjOi eqnal in mtio to CrO»: 
athar of which represents the anhydrous ucid. Adding two equivalents of 
water, C,0& becomes CiHiO<, or ordinary dry Oxalic acid. The salts men. 
Ijoned, it will bo perceived, result from the roploconicnt of one or both equiv- 
alents of H, by K. What is called Qoadroxalateof PolaSBa, C,UjO,,C.|UKJOs 
is readily formed. 

Origin of its name t 

413. Manufacturing sources! Reactions between Nitric acid and Sugarf ^ 

414. Solubility of Oxalic acid? Crvstaliinbility ? Water of crystiQi»a- 
tion T Differs how from other acids '! &nhlimaiioa i 

415. Poisonous properties of Oxalic arid! Antidote? Oxalic acid, how 
fbtmed, 452 ! Action of heat, 453 ! Lime water, 454 ! 

[416. Symb., propenics, formatioa, crystalization, and taste, of neutral 
Oxalate of Fotnsaa? Symb., natural source, name, and taste, of Binoxalate 

417. Formulas, — new and old view.s, — Quadroxolatc ?] 



I 

r Sea 



^178 SOIRCB OF TABTABIC ACID A\D fREAM OF TABTAB. 

W. *[)S. Fomwtjon of tlie neuiral Oxalate of PotasBs, by exactly ncntTBl- 
B.hiDg Oxalic acid in eolatiun nrilb Carbonate of Potaaea. 

III. 4BB. Conversion of the neutral O.inlatii, into tlie acid Oxalate or Bin- 
oxalate, bv tbo addition of a qnanlity of Oxalic acid, equal to that first em- 
plojcd. Tbe ncatral salt ma; be i-onverted to [he Ctuadroxalate, by addition 
of three limes the original quantily of Oxalic acid. 

418, OxALATB or Live, CiCaX>a, is an insolnblo Bait, fbnnd in many 

Ilanta, and rspeeiaUy the licheni. The cryetaU [which contain two eqaira- 
^nts of wateij, often abound in the baric of truei aa in the Locust, and the 
Thrreyn foii/tJia, or Florida jew. _' 

OxalatD of Lime is an intercstin); sntt, since it is the form in which Lime 

is precipitated in chemical analjsia. The a(j:eiit most used for this porpoae is 

OxAi^TB OF AmioNiA. C<(NH,)J0ii^'<fi4ucIi may be prepared as follows : — 

IB. 457. A BtninR hot solution of Oxalic acid neutraliied with Carbonate 

of Ammonia ; cryBtalizalion of tbo eb1( by cooling, in benntifal slender 

rhomlHC prisuiB. 

TAHTARIC ACrO, C^Oi!. Eq. 150. 

419, This is abundant in fruftS, cbiefty BJr.an acid Tartrate of 
Fotaaaa, from which salt it j^^.^xfracttxli ".'-'<■-- 

The acid ciyEtaliEeB iq oblige i^M^I^ prigtns and their mod- 
ificatioDB ; is very soluble in -irftlieiy.te int^fiBly eour, and has a 
Btrong acid reaction. Il lakes'% .'Dame from tlje tart or add 
properties of Sftfni of its compniindB. ' ■■- 

iU. 4Sa. Litmut reddened by CtHsOii- , '[' ' ' 

ill. 4ia. Bii'arbonBto of Soda, NaO,HO,SCb„ decomposed by CaHjOji, 
'^Jhe Carbonic acid expelled, and Tartrate of Soda formed. These aro tho 
^~da pomdem. 

III. 460. Tartaric acid, like other vegetable acids, chars by heat. 

430. AriD Tabtratb of Totassa, C,{H,K)0|j, called Bitar- 
tntc of Potaasa, and existing' in grape juice, is precipitated by 
the fnimstion of Alcohol when the juice ferments. Being then 
impure, it is called crude tartar, or argol ; and when purified is 
known aa r.TKaia of tarlur. 

The neutral Tartrale of Potaasa ia C.(n,K,)0„. Tarlwie of Potaasa nnd 
da, Ct(H,KNa)Oi, is called Bochello salt. Tartar hxtlie U i Tartrale of 
itimony and Potaisa, C.(HiK,SbO,)Oi9 in which SbO, repliicca H. 
421. CiTBic ACID, C,,H.Ou, is the acid of the lemon [Ciins 






XV, 455! Add oxalate, and Qoodroxalute, 



Heattanl for llio pro . 

(rf Ammonia!) Symb. of Tartarii? odd a 

419. Tarlane add abounds where 1 In what state, and 
lation! Solubility! Name? LiCnina, 458! Bicarbon 
Heat, 460? 

420. Svmb. and sources of the add Tartrote of PnfasBa? 
431. Symb.. cquiv,, sources, name, and properties, of I 



[Other Tnrtralea ?1 



ACID OF APPLBS. — TAN.VI.V, 

lAiMnKm), fron) which it is extracted and takcx its name. It 
eryatalizeB in modified right rhombic prismp, and therefore in 
the trimetric system. Its properties are similar to those of 
Tartaric acid, except that it is tribasic, forming salts with K, in 
which one. two, or Ihree equivalents of its H. (tre replaced by K. 

lU. ttl. Specimen of Citric arid. 

Maoc acid, C,H,0|o, is the acid of many fruits, especially 
the apple {Pj/rvt MaJui), whence its name. It assists to givB 
soumesi to the stems of the pie rhubarb. It forms bihasic salts. 
Its properties are similar to those of Tartaric and Citric acids ; 
bot it is distinguished from tliein, in giving no precipitate with 
Lime water. 

422. Ta\.\ic acid. 0,»U, Ou, abounds in the bark of v.irious 
species of Qaercus (oak), Rku» (sumach), the Ahtes Canadensis 
(hemlouk). etc.; and especially in gall-nuU which aro excres- 
cences resulting from the punetnre of an insect in the Quacita 
itifenlwia, or dyer's oak, a tree of Western Asia. 

Tannic acid, also called tannin, derives its names Irom the 
use of snhslances containing it, in the process of converting bides 
into latilier in which Tannic at-id plays an important part by 
combining with the Gelatin of tlie tissue and forming a perma- 
nent insoluhlc compound. 

Tannic acid is a very light, flocculeni crystaline solid ; solu- 
ble in water, and reddening litmus but it has an astringent in- 
stead of an acid tasto. It is used in medicine ; and the vegeta- 
ble substances contnining it are employed in dyeing and ink 

ill. 462. SpL-cimcn of Tsniiiu noid. 

Ui. 463. Preoipiutions witli Tannic iLcid. 



423. In the divisioii of suhstances now noticed, cimipriwing 
the elements of Plants and the products of their tissues and 
forces, it has been senn that the gronps are qnite choracteriBlic. 

Tlie first ^'■roup.— tbo Neutral Tcrriiries. embraci' the sub- 
Btances making' up tlic great mass of the vegetable kingdom 
and its most abuiuluut products : — Cellulose, eilber pure or mod- 



Acid ill Bjiploe, name, tnd whj? 

IBS. Symlj. nml Bourvcfl of Tannic acid? Nnmel Leallier! Propcrtiei 
TMta Mid nsca of Tunnic acid ^ Specimen, 462 ? Prccipitfltioiia, 463 T 

483, Wlint division of \\w Organic eeiius of eulx^ranccs tins now been n 
ticol '- yint ^up liow ilo-ipnalcd ' .'ihnrc uf lIic WgcLablc kingdou 
CelLulose fornis wliai ' 



tntv. *i i*a\ nuiii in efumltmu. of fiydm^ren ; but 6tiD o 

itvnK littlt' ui tr#uAf. while ui eqiuTsleiit or two of Oxygen 

Wmb Np{MMi>. tit' is Milirety Abnent. 

3')^. Ml o3Hmp)«. nuuniAti cunphoi. C»Hi<iO„ wlad la bat 
k •olul vi4«t))f ml ; aiul wr hnvp 20 eqnisalentE of Garboo, or 
J9i< ^Tth tv\ witi|ri>t- •r-tiAf the 16 eqaivalenbt of H. odIt w^^ 
)!«: mul the r«ri> nquivKlMits af 0. hIso weif!;li 16 ; m ttkst 152 
jMUiMi))- <n' l%uti)ihoa- .^Fum. c^Anmin J30 ponuds of pure octal, 16 
:i<NHKk rtj H. Mul Jt; rtf O ; or. ^-g C r—fg H ?— j", O. 

^iitl thaui. ill nil of Immune. thiSY ui no O; l3ie ixdo of 
<N))tt\'«)MfiK ih CJR,. or 30 jHinndfi of Oatbos, and I pooade <rf' 

«Mt. ^^hMw «uti«an»6. »r rioh in C, are necessKnly combaB- 

S^tintt. tt «1M. uotimt^ lfa« The k)*. an- div^lt-d iiitu iLc f.rrd 
«Mil itn- ittiiaih-: and ihr £xi^ nil- ^^I&k: oi i^-Mcu^itfHf 
Ml' 1^^UMV iUIh- ttki- thf imart£ : anc ii>;a^S«f iir jinvrui^^ri^Jjke 
nltv-r »il ; «-hih> tfar vi^Kdlf nilg Kt ilivtdt^ ini^ t£^^^^, 
Tittup oil Af 3\)|^)MqrMBt, V.,JiLK(.\s "»'' ^^ bmuT. like wA.^^ 
iMiMinu "^^ 

TWn m> ^vf- wiM iSn or fitts. n hisji separetr' frnin a£F* " 
OMmml^T Antd ixvA ra^ m ^>r Xurcu-iii from Olirp col. Al^^' 

Tbf*i ittc ntV^pwif nT Kmotkh tmcli «« <>ok9ikwy, Cepal^aMU 
)i»Mbr. li; (kJumm n voilKole foU. <uaisiatin« ULtin] Balaans,' 
*» \''rMk TwwMHWh coattHRUDf; OoldfibQay £m(ih«d in 03 of 
X^urfNUaxf- T^ valnaVlr pmdnru, Canntc^oBC^ and GuttA 

\3a. In HbK ifbk tirMW a» iW Inkonat VcgeteUc Acids 
and ^u; *t, OxaLc and. and d>« t'lxalaMe; Tartvic acid, 
atwi lb« TartfaUc; Cibic wid. and iLr Ciirates; Malic acid, 
and tbe )UUiir« ; and Tannir acid, and il>e TVnaates. 

U< 
Ibc knum (alt* of «ii4i of itiic gioap naj be dewribed aa4cr a £Ben^u 

Tlieec acidK and salts are, many of tbem, quite generally 
dislrilfiilcd. Oxalic acid is fonnd in the jnices of many plants ; 



C, II, a:v\ O, ill CdHt|.li<>r? Id oil of LenioD 1 

ill. Wliv >'iii>i<>ii<(ililv f Tiro diviBioiu of ihe oils. etc. ! Examples <if 
Hxv.l iiilK •' tiu'uMi-ttvni >•( die Hxed o\\t ? A liccraoail oil ! An otti- 
riAf i> hr < Sii atiri-i'HiH uf l!i>t volatile olU, Biici cxampleg 1 Sepanlion of 
iFi;l 'I I'tr r ii'ii iiil'i, mill i'xiiiii:iju 1 KxBDiplcs of resins ! Ital&aniJ ! 

4'«). J) s |iii iiiiiii uf [lie lii.li ((roup? Examples! Uigiribulionof Uzalic 






Mkd nystftls of Oxalate of Lime, are very frcquoiitlj- (Irjxitiitf-d 
IB the c«I]b of tissues, ns in the bark. This, tbt-n. is one of tho 
■■Its laxinmg the rapiidft' of the botnnistH, so interesting to 
■BienMcopic observers aiirl vegctaljlr pliyfiioiogiBtB. 

Tntanc, Citric, and Malic acids, nhound in fruits, in a free 
Btsle; and also form, as far as bases are present, n ▼ariet}' of 
acid aalts: 

These different gtonpg of Inherent Vegetable Componriits 
and Frodncts, then, embrace subBlancea /o/-m*'</ fii/ fir agmriri 
of jJanittJrotn tJte minera} elrtncnU ahsorbrd from Ihr eaiili ami 
tht air. 

431. The composition nf vegetation is thru readily seen, 
from a retrospect of these groups. 

The greater part of the vegetable ma^s U tniiile up of Ccllu- 
lott, which is organized in varions ways, to form all the proper 
tiasuea of plants; whether we consider the strong fibres of the 
flax, the compact sti'ucturc of the oak, or the deilicato network 
of the petals of floners. In the firm wood, forming the trunks 
of trees, the cells of this tissue have their walls compacted, and 
their earities diminiithed, by a deposite of a merely modifid 
Jarm% of this tissue, with a slight change in its composition, and 
th« addition of some earthy salts. 

432. Tlien, teeond, in order of ahvndaitct, g^ the vegetable 
productx, we find Starch, deposited in the cellular tissue, in 
large qnautily in certain parts, as in seeds, roots, or subterra- 
nean stems, and in smaller quantity, even in the woody cells. 

We get an idea of the abundance of this suhstaiice, as a 
vegetable product, when we consider that Starch fomis from 
60 to 66 per cent, in wheat and rye flour, 40 to 50 per cent, 
in that of barley, sometimes as much as 78 per cent, in Indian 
meal, and TO per cent, of potatoes, treed trom water. 

The pitli of palm trees, particularly species of Sagus, fur- 
nislies tagi) ; tho Marrtnfa arandtnarea, of the West Indies. 
fnmlsbes arrow-root; the Jalropha Manihot of the tiopical 
regions of America and Africa, is the source of rtutava and 

* Greek, raphidai, needles : A [iTm orijrinaling with Ihe Blonder crvstiils 
fbond Id Iho relU i>t eouu' ptiinM, and uKlnDdud uaw (o ull vrvtiulB in aimilur 
Biliuilion».— Asa Gbax. 

Riphtdei? Other aciiia nnd their sintoa I Formation of iJiu Inherent 
VeKUMMe Components and Produi;l9 1 Uow ia the comiKKiUiiiH of the vege- 
table world Btcn f 

iS\. What makcBup the prenlcrpnrl of the bulk of phuits * Flux-fibre, 
Oitk-wo<)d, and the petnla of fl*vcrsT 

432. Sliin'h in llii" i.nler i-f iihnndant »nIisrnniT« ' Wlirre fuiinrl T Ptr- 
ceutsge of Slartli in (lour and meal >. roluLoi'o ? Snco, urruw-rool, etc 1 
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lapiota ; all of whit^li arc merely moilificatione of Starcli, ( 
imitated by uianafacturioe over, common potato Starcli. 

433. Next aAer Starch iu abnndance, viewed as a final 
prodact wo have Gnm ; but if we consider tbe mucilaginous 
portion of tbe juices of plants, and tbe jellies of fniits to be 
merely dissolved Gum ; this nubRtance in point of abundance in 
the vegetable world, will, perhaps, Ktaiid before Storcli. 

434- Then follow the tiugars; Cane Sugar in the stalks, and 
Grape Sugar in tbe fruits ; both crj' stall zable fonns of sugar, 
beside a viscous unciystaliaable modification, generally perva- 
dine different parts of plants. 

Then tbe various Vegetable Adds, and their salts ; the Tar- 
Uric, Malic, Citric, Oxalic, Taimic, etc., generally abound some 
in Blalka and some in fruits. 

Il may be lemBrked ibal in reapen lo rompoaicion, all these iicid« contain 
a UiECr raiio of OivKi^n lo Ilrdiogcn than exuu in water. Thus Oxalic 
■cid bas 8 Eqnivs. of O. to 2 of U. In Tartaric arid the ntio is On, to Hn ; 
in Citric Ojt, lo Ha: in Malic Ojn. lo H,; ind in Tannic add even which ap- 
pnMfliu tbe clam of resinous ai-kU, il is On, to Hii. 

The Oily principles, of the fixed and volatile diviuons, and 
tbe Resins, and Balsams, are also extensive vegetable products. 

Finally, there are the Peculiar Principles of plants ; tbe Sal- 
idn, Phloridzin, Emetin, Ainygdalin, etc., substances extremely 
extensive iu number, but comparatively small in quantity; as 
well as the powerhlly active principles, still less abundant, of 
the sub-group of the Alkaloids ; Morphine, Strychnine, Quinine, 
Caffeine, Nicotine, etc. 

435. While, then, it has been impossible to notice many im- 
portant substances and even clasicM of anbntances, existing in 
the vegetable world ; and while we have only given attention 
to the most remarkable of each class noticed ; we still have an 
idea of the compound elements of this extensive kingdom. 

Then it will be next in order to consider the 

ASIMAL COMPOSENTS AND PRODDCTS. 

436. These, as well as those of Vegetables, may be arranged 
in groups. 

133. Order, in abundAnro of Gam cunaidercd as a Hnul ]>n>dnct? As 
existing in the juices of stalks and irnits .' 

434. Wliat sugars follow, and what is said of them ! What urc mcniiaaed 
next as qnlla ahnndiint ? Examples? ICompoBition of the acids !| Resins 
and Bulsama I Number and quantity of Fvculiiir Principlcif and Alkaloids ! 
Bxojnplea of bolli ? Can jou now rccapltuiste the general compoaition. of 
the Vegetable Kingdom ! 

435. Substaiiees unnoticed ! What an next in otder t 



That hoi,d tub "pirst pohitiok." 



The first in importance uid the most 

KEDTBAL QUATEBNARI8S. 

»0 Bub-gTUIIpB, 
ipOUtldB. 



lely, iBt, th« I 



These may be divided into ( 
Protein, and 2d, the Gr/atin cot 

I.— THE ANIMAL PROTEIN COMPOUNDS. CUnTt^O,. 

437. These, as has beforo been hinted, arc similar both in 
campoBition and properties to the vegetable Neutral QnatenW' 
riee. The most ahandant and important of tliese are the thrM j 
known as Fibrin, Albumin, and Cat 

The first corrcspnnds to Glutin which has been called regebi* ' 
h/e Fihrin ; the second to tirgelable Albumin ; Rnd the third ta 
Legnmin, or vegetable Casern ; and all these substances, both 
animal and vegetable, are of snch pre-eminent importance in the 
oi^anic world, as to have received the title of ProtbIn com- 
pounds ; from the Greek, protcuo, I Ao/d the first plare. 

438. Fibrin, is the material of nnimnl maicular liague, other- \ 
wise called, " lean meat,"* and properly Jlesk, as distingHished j 
&om fat. 

It coagolates &om drawn blood, forming what is termed the J 
dot, the fibrous arrangement of the particles of which as well 1 
as of those of lean flesh, gives to Fibrin its name. 

It is insoluble in water, but, is readily dissolved in water c 
taining a little Acetic or Chlorohydric acid, as well as by many 
other agents. When washed it remains a colorless substance 
drying to a hard semi-transparent condition, Fibrin also occurs 
in the fluid of the tkoracie duct. 

439. Albumin is seen nearly pure in the white of eggs, but 
also forms a part of the yolk. It constitutes a conHiderable por- 
tion of blood, aa well as of the chyle from which blood is formed. 
Unlike Fibrin, it is readily dissolved in cold water. By heat it 
coagulates, as well as by the action of metallic solutions; by 

* The word fieih ii now iavoriabl; used by Chemical and Fhjaiological 
writers to signify pare Itan Jleah. 

First p^up nf Animal romponcnls anil prodncts, and what is said of it! 
Two gnb^roiips of iho Nontral Quatemoriea! Whirh is flnt described! 
Bjmbolof the Atiimol Prolein I'otnpounds? 

437. These are Himilar in what i The ihree most abnnilant 1 Which bbt- 
enllj correipond lu the aimaur vegetable principles '( Whj culled Prolein 
componnds ? 

48B. WhotiaFibrin? Proper use of the word flesh? Fibrin from blood ! 
Origm of the name of Fibrin? Solnbilily? Appearance and propertiBS 



'■■4 






nfonn 



Solubility? Ho« coagulaled! 



]i:S(l- \ii£kJLt^*Ttiitsi>Tu: irafEVinnuc <Mr fuesje^ bxsgs, and cheese. 

A^inrSuil fn»L ")^ 4 ^arTtft^ ♦rti cfttfinitfjil a^rrat^ WLen coagulated 
Bk » hwHttiJutf in. w^otc^ TT^ ptT;ji«t»» oimmtMrnal Albumin are 
«ii3*r*Ix ^»f siin»« dtf- T^ftM: 'it* ^f 4ff«ft<^Wi^. ^^jrS^ merely exhibit 
« «tii#i!^ itf niMttiiBiiAfit iiOBi sfi ofiitt :$dl6tHM«^ Iwt slill contaimiig 

44l> C)k:^sfi^ :td«fiiitiitf OH nSk on wiadi il k pvobably held in 
«fikfDfii ^5 tbf^ Sm^ Ft ;»d»& dr k e«Mi^«]aled, and also by 

Ivi <JkM^a$)esDiiil:»i^ iz^ Cifewii k mltoa c^(M|;iilated by means 
«f 3itfi»iMi ^tf frmmi. IBuauMt k i^ stooaatli of some amimal, nsn- 
dSly )Ik«x ^i a <(dlE. t^ auner CMft «£ wkidk communicates this 
fmpmy. 

TW <«a^ ^ v^ $ldkMM^ ouak k wmiIt pure Casein. 

TW aauosMiii n^-i^iMisSMa ^ Ciit»m ani Le^umin, — the vege- 
taKOe ^«nik WviK x ^ :^e<au a ^?»»Hal afEi^eeaDienl in properties. 

M(^ ^ FW^ « 1^ vft*^ ^^:^3!^ ^u»^ wMHUBCtiioiis cheese, though 
tlK>y as^ «^T<endIlT aswl ef^^m^tsillhr oMRpot^ied of Fibrin, Albumin, 
aad Case^iS aKud «r4iT W i»ik<tt a$> I1^pDt$elltatives of those sub- 
«ta»c«&, aSway^ ktiivi^. « Wn l>«nN^» :siMaie ash, or fixed matter. 
IHbrai is t«v. an ^tfrcfimi^tf^ :MaK>tance» that is, its particles have 
been arran^^^ i:) th^'^r pe<ialEar l^wvu under the influence of the 
Tital fi>ix^> In ihU n«i|><>rt al^w rtgtdMr Fibrin or Glutin some- 
what re^^^^tlos the axuniial modification. 

441. pRornsiw Wh^fi any of the animal or vegetable forms 
of the PixHein suWtance:^ are pi\>|*erly dissolved and precipitated, 
the dried pieci|>itate, a yellomkii brittle substance, has a uniform 
composition frcnn every :>acHiree ; it is called Proiten. 

Proteju itself, and the animal Protein substances, — the Fibrin, 
Albumin, and Casein, have the same composition. This com- 
position is very well repre;sented by the formula, CJEnNsOg, 
although different formulas have been given. 

This formula is the same as for Glutin, vegetable Albumin, 
and Legumin, and is to be underwood in the same sense ; the 
Sulphur and Phosphorus, neither of which are in quantity to 

Solabiligr when coagaUue I > Animal and vegetable forms ? Condition in 
egg»? 

440. In what is Casein found? How in solution? How coagulated? 
How in cheese-making ? What is rennet f The curd of milk ? Animal and 
vegetable forms ? 

440, a. Composition and result of burning flesh, white of eggs, and non- 
unctnoas (rhecsc ? Fibrin, why said to be organized ? Glutin, in tliis respect ? 

441. Source and properties of Protein? Composition of Protein and of 
all the Protein substances ? Formula and its meaning ? Can you from this 
formula tell the parts by weight of the C, II, N, and 0, in the Protein com- 
jH>un»lM ? Other Huhstances of" the same formula ? The formula is understood 
in what sense / 




tma an equivalent, being represented hy Oxygfu, aud Nitro- 
gen ; and other subetancee regarded ns impurities. 

441, a. All these siibstancea, therefore, botli animal and vege- 
table, wben conrerted into any of tlie unjraul modificationB are 
still of the aame composition. As the result of the dip-stiTO 
process, they take first the Albuminous or soluble fonn. 'I'lia 
Albumin is modified into the Casein of milk, or into the Fibrin 
of blood or flosh, not by a change in its ultimate chemical eon- 
olitation, bat by a change io the arrangement of its particles. 

The Fibrin may afterward be redissolved and converted to 
the Albiiminons condition ; the Casein may undergo a siuiilnr 
transformation, when milk, or cheese becomes the food of an- 



I other animal. 
^^aJff» may now proceed 
^^^■bal animal quati 



e the second sub-group of ti 
,oly. , 



THE GELATIN COMPOtJNDS, 



The chief of these are Gelatin and Chondriu. 
,ATIN, Cj,H„N,Oa=384, is the suhstnnee forming the tin- 
of tiin, iigament, tendon, hone, rellular membmne, and ftiii- 
mal tissnes generally, except the muscular tissue or fibre, and 
that of rartUagr, or uncompacted bone. 

In these tiasnes, it is organized and insoluble in cold water. 
The tissues dissolve in boiling water, and form a iellyish miitis 
on cooling, known as glue. Common glue is, then, but disaolveil 
Gelatin, somewhat impure ; the organization of which has been 
destmyed, but which has undergone no change in chemical com- 
position. 

443. Inngleu* fnot mica), is a purer form of dissolved Gelatin 
prepared from the air-blmlder, skin, stomach, etc., of fishes, 
particularly of the sturgeon. 

One part of Gelatin dissolved in twenty-five of water, forms 
a jelly. 

Tannic acid, as alrendy noticed (Art. 423), preeipitiites Gelii- 
tin, aud the salts of Mercury have the same effect. 



U1,i 



luiolLcr 



what a its i^mpositLnn 1 First funn in 'llie dilutive pruceaa t AlliUL.. . 
how converted inio Cosuin bdiI Fitirin f Chanty's wliioh Fibiin aud Cmu.ii 
vUhj nndei^ 1 Wliat aub-ttroup follow* ? 

MS. The chief Gololin compounds ! Symbol snd mcHning 1 Sources of 
G^Mial What tissuL-s do not tonUtin il! What is rurtilaco ? Stute of 
O^atin in tha lusovs ! Effect of hoiling water on (itisues ? Whni is i/liw. I 

bnn a jcHy r Gelnlin, how piwiiiiliilcil ' 



GeUtin is extensively employed in the arts for cementing, 
clarifying, and other pnrposes. It forms the diflferent prepared 
animal jellies, but as an article of food it is of little or no 
Ta]u«. 

That it is not a flesh forming rnibstance. in inferred by its not 
bein^ wasted in starvation ; it differs from flesh in composition, 
and is not a proper element of bloi^. The animal system has 
the power to form it from the Protein substances. 

Cho.\dbi\ differs eltgbtly from Gelatin in composition, and, 
unlike that sab^tance, is precipitated by solution of Acetate of 
Lend, or of Sulphate of Alumina and Fotassa. It is derived 
ftorn cartUagt. 

Deferring further notice of the substances of the group noT 
described, we may pass to the — 

PECULIAK ANIMAL PKINCIPLES. 

4*4. Tlicae are of very direrae character and composition, 
though much less numerous than the regefahle principles. Tha 
most important are the folloning ; — 

Lactose, or Milk Sugar, C„H„0»=321. 

This sugar is tlie cause of the sweetness of milk, and is ob- 
tained from whey* bv evaporation and crystalization. 

The crystals, which are generally smaU square prisms, con- 
tain four equivalents of water, which arc expelled by a tem- 
perature of 212°. These cxystals are soluble in mx parts of 
cold water; and thus this Sugar seems less intensely sweet 
than the more soluble ones. Possibly, however, the mere dif- 
ference ill solubility may not account for the different sweetness 
of the Sugars ; bat this seems an obvious explanation. 

445. Wheu the Lactose of milk is converted naturally into 
Lactic acid, the milk is said to sour. 

Lactose corresponds to the vegetable Sugars in compoBition, 
Suid roeidaa of milk, aAer the batter 



Uaes uf Gelacin ? Whj coosidered to be noa-fleah-forming ^ Uses in fbod J 
Source in the animal sjstcm ! Composition, propenies, and sourcea of 
Ctewrfrin ■• What groap of anbstaocea foilowa 1 

444. Diversity and namberof the aniinal Principles'/ First one deiwribodt 
Sjmhol nnd eqaivulenC, and other name of Lnttosc? Milk, why sweet* 
Source of Lnplose? What is whey? Shnpq, water of cryslaliEadon and 
solubility of (he c^ryslals of LB<.-tosu? Effeot of a temperature of 9IS°! 
Milk Bnffiir, why leBH swept thnn othara ? 

445. llow does mitk sour ? Correspondence and rompoBitloo of L 
d the other fliiKnrs ? 



TAB COLORINO MATTKI or BLOOD. 

connsting, like them, of 0. oombined with O. and H ; «nil the 
Utter two, in the same ratio as in water, that is one equivalent 
to one ; or 8 to 1, in parts, by weight. I..sctoBe is i*omeric, 
when dry, with Starch, Gum, and Cellulose ; ndA when crys- 
talized with anhy drons Grape Sngar. 

446. Ckkati.v, C,H^,0„ ia a nentral snhstanee probably 
existing in the ^eti JluiJ, n liquid that may be washed from 
finely cut fleHh, and from which, by a Hmple process, colorless 
crystals of Creatin are obtained. Creatin is readily changed 

Greatinik, GiH,N,Oji an alkaline basic substance which also 
forms colorless crystals. Both of these substances are thought 
to exist in the flesh fluid, and to be present in broth. They are 
regarded as elements of urine. 

447. Pepsin is a substance presi'iif in the saliva, and the 
gastric jnice. It is a Quaternary sulistance consisting of C, 
H. O, and N ; and has the power of converting sugars into 
Lactic acid, by means of which, the Protein compounds may be 
dissolved. 

448. HematOsin, C„H„NaOs. is the coloring matter of blood. 
Nearly seven per cent, of Iron is associated with it, but this 
may be separated without a destruction of the color. 

ALLtiTToiN, CiH(N|Ori=lSS, IB a inhstance taand in the liquid of the 
luaioi of Unrine BDUnali, ani] crystalizee in colorless prixma. 

440. Ubba, CiH,N,0„ is a substance of great importance. 
It is a characteristic element of urine, and crystalizes iu trans- 
parent, colorless, four-sided prisms, which are soluble in an 
equal weight of cold water. 

It is inodorous, has a saline taste. Is permanent in dry air, 
and is without action on test colors ; but is regarded as of an 
alkaline character, having basic properties, and being capable 
of combining. like Ammonium, with 0. and acids, such as the 
Nitric. 

Tbe Symbol of the Nitraie of Urea ia (CgHiN,Oi) 0,NOi>. corresponding 

iBomert'' bodies ? 

416. Symbol, soDTve, anupiopcniea of Cnatiaf Into what ia it changed ! 
Hymbol, and properties of Otnb'nin t Broth ? 

4*7. In what is Pepiia fonnd ; its pompoailion, and propcnios 1 

44S. What is Hematmiiif Compmilion ? [Symbol, equJTolent, sourre, 
and propcnies of Allantoinl] 

*+». Symbot and importance of Urea? Crystal izalion and solubility? 
Odor, taste, and permiineniy! Action on colors? Why reijarded »s alfea- 
Knet [ByinbolB?! 






Co the Bymbol at Nitrnto ot Ammoniit. (NHi) O.NOn. 
dtrompositioii nro hereafter lo lie poiiBidPrcd. 
Nest in order conies tlie g;rfnip of — 



ANIMAL ACIDS AND SALTS. 



450. Tliese may lie <lividcd into the tliree sub-groups: Ist, 
mee ilestitule of Nitrogen; 2d, tlinse cnntaiDing N. alone, or 
:. and P; 3d, tLose coulniniiig N. and S. 

SUB-GR. I, TERNARY ACIDS (rontaining C, H, and O). 



WtiBC?roup of i^ubstantcB fnllowH t 

430. '^reo divisio[i!i of unitniil sfida? Division first noticed ? 
the ternary animal acids ? Symbol, eqiii»Blent, name, and Eonrtct 
Bcid ? Ni^lllee and aats 1 

451. Odor, form, and boiling point? Properties? I'roduo 




acid t Whnl is soared to prodnc 



The pliief nf these are the Formic, Lactic, Benzoic, and 
'.jOholnlic. 

Formic Acid, C,H,0„ is so named, since it is a eecretion of 
the red ant (Formi'va rttfa), but it may he produced in a variety 
of ways, HH by the reactions between Sugar, Bichromate of 
Potassa, and Sulphuric acid ; and by tlie decoDipoBition of 
Oxalic acid hy heat (Art. 415). i 

It is also n vegetable product, being the cause of the stingiitg ] 
sensation produced hy the nettle ( Vrlk-a urens, etir,), na vrgfi aa 
that from the bite of the ant. . -■ , ■. ■ ■' '^■'-tfc, 

451, When pure, it IB at common temperaluresacolorle^fl^idl^ 
boiling at 210.2'', and yielding a most powei-fiiHy pungent odor. 
At 32° it crystalizes in brilhant plate^. It is a fuming corro- 
sive, blistering acid ; its vapor bcims with a blue flame. \ 

III. 464. Production rf dilolB Fonnie Hcid, bv distilladon, from B partB 
BichrDmate or Polossa, 3 of Sugar, and 33 of witter, lo which S puts 
Sulphuric acid have been slowly iidiled. 

III. 465. Formalo of Lead, prodaccd by action of dilnla Formic add, on ^ 
Acetate of Lead. From this Lead soli, anhydrous Formic acid is obtain^ ^ 
by the action of HS. 

453. Lactic acid, CiiH„0,;, has been refened to, aa the 
cause of the souring of milk, by a change in its Sugar, or 
Lactose. Both these substances take their name from the Latin, 
lac, milk. 

it may be produced in a variety of ways ; but, at present, it 
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MWa OF TliK BILF.» KTt . 1<>1 

will only be referred to as existing in c^gs ; and, as an element 
of the gastric juice, or the peculiar fluid of tbc htoninch, nshist- 
ing to give to that agent, the power of dissolving Fibrin, or 
lean meat, and of thus effecting digestion. Lactic acid is a sour 
sirupy liquid. 

453. Benzoic acid, CmUkOi, is an animal product found in urine, but 
is abundantly derived from the resin, benzoin, a product of the tree, St^rax 
benzoin, of tJSie East Indies. 

Bensoic acid, it will be seen, presents, in its composition, a variation ftt>m 
the principle referred to (434), m reference to the acids of the Tartaric acid 
eroup; for, while those av'uU all contain morc.o(iui\'ttlcnt8 of O. tlian of H, 
mis has mora of H. than of O. 

Benzoic acid orystalizes in slender, snow-white cr}'i*tnlH; is soluble in 
water ; has an tunomatic acid taste ; and is inodorous. By a moderate heat 
it is sublimed unchanged. The odor generally noticed in connection with it, 
is due to a volatile camphor. 

111. 466. Benzoic acid sublimed from benzoin by heat. 

454. Cholalic acid, C Hi. dn, is an acid thought to exist in the bile. 
It cryitalixes in colorless octahedrons, and is almost insoluble in water, but 
18 readily dissolved by Alcohol. 

Next in order are 

8UB-GR. 2. THE NITROGENIZED ANIMAL ACIDS, 

And those containing Phosphorus. The chief of these are the 
Uric, Hippnric, Hjocholic, Inosinic, nnd Cerebric. 

455. Uric acid, CmHiN^Ori, as its name indicates, is contained in Urine, 
and in the solid exuviae of carnivorous birds. It is moderately soluble, and 
feebly add. 

It 18 important, since it, and its salts, as the Urate of Ammonia, and the 
Urate of Soda, are unnaturally deposited, in the diseases known as gout, 
gravel, and sioiie. 

456. HiFPUSic acid, CikHmNO., is simihir to Uric acid in origin and 
properties ; but abounds more with herbiverous animals, and takes its name 
flom hippoe, a horse. 

457. Cholic acid, C.sjHiaNOia, is considered to exist in the bile, in com- 
bination with Soda. This acid forms slightly solnblc, white, silky crystals. 
Its name is derived from the Ghreek, diole, bile. The bile of swine contains, 

Htooholic acid, CmHuNOio. 

458. LffOSiNic ACID, CwHhN^Oik, is a soluble acid of the flavor of broth, 
famished by the Jlesh fluid (486). 



Eggs? What is gastric juice? Use of Lactic acid in gastric juice? 
Flnoperties? 

[453. Benzoic acid, symbol, and sources ? Benzoin, and source ? Ratio 
of O. to H ? Properties of Benzoic acid ?] Sublimation, 466 ? 

[454. Symbol, sources, and properties of Cholalic acid ?] 

What acids follow ? Chief Nitrogenized animal acids. 

[455. Symbol, source, properties, and importance of Uric acid ? 

456. Symbol, origin, properties, and source of Hippuric acid ? 

457. Symbol, source, and properties of Cholic acid ? Hyocholic ? 

458. 83rmbol, source, ami properties of Inosinic acid ?] 
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ASDU£ <MLS AKD FAT& 
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463w TW fid toa iMiti B «f ^is ^pmip are inraary, consisting of 

Tlie naaiber <af ei^arraleats «f C. aai <iif H. is -nearij eqnal, 
and aiadi laf;ger tluui l^at <af O ; ami in Ak reject* tke animal 
oils and htts, daseJT i^sanble tW v^gHiMe. An animal oil, or 
tau is also, like tkose of tW v^e^^^Jde kingdom, freon^tly 
aeparable into seTeral diffenml oils or fiit8» of dHorenl agrees 
of eonsistencT, and of diferenf compositioB and pronerties. 

464. The liqnid portion of ^ is genoaHy eallea alediv but 



1459. in wbftt is Oerebiic acid towad ! Its diaiacter, aad wbat does it con- 

Designation of snb-gronp 3 * Wliat are the diief animal adds contain- 
ingS? 

[460. Snlphocjanic add, symbol, and wliere fonnd ? 

461. Choleic acid, symbol and soorce ?] 
What substances belong to the fiMirtli group ? 

462. Difference between a fiit and an oil ? What is wax ? 
[Vegetable wax, and sources.] 

463. Compogition of Wax, Fats, and Oils? Ratio of C, H, and 0« 
Separability of the nnimal oils and fats ? 

464. Ole'fn. 



THE FATS IN DLTTEB. l.ABI*, 



tile term is applied to substaiicei of somenhat varinbli 

465. Haroabin ib a more definite term for a solid fat, e: 
ng in tbat of man, of the ox, ftcine, tierp, and variout 

animate. 

Uai^arin is freely soluble in Etber, and fnscB at 116°. 

466. STGARrN ia alsn a definite solid fat, much 1cm soluble 
E^er tban Margarin, and fusing at 130°. 

467. BuTVBiN ia a colorlesa oil. having the odor of melted 
bntter, and extracted from tbat substance. Butter conlaina 
alao other fatty subatancea, not perfectly investigated, bntf. 
known aa Caprdi* and Capri* ; ns well as Stearin and Ml 
garin. Hirdn is an oil exiating in mutton suet. 

468. PuocBNiN is an element of the oil of the porpoiK (DA- 
phi»ut phiocaj- 

DblphiNin ia an element of wkaU and doiphin otl. 

469. Chlorestebin, C„H„Oa- '" a fnt esiafing in bile and 
brain. It sometimes forms bUiary calculi, nr concretions in the 
gall bladder. 

Sbbolin is a fat found by LecanK, and others, in the blood. 

470. Cantharidin, G,oH„0„ is a fatty aubatance conalitating 
the active principle of the Spanish fly (CantharU veticaloriaj. 

These differeut fats and oils are generally compounds of some 
peculiar fatty acid, with Glycerin, as will be hereafter noticed. 

471. Cerin. or Cerotic add. C„H«0.. is file principle in wax 
(cera-) that is soluble in alcohol; while Mvricin is the insolu- 
ble part, and being abundant in the myrtle-wax, from species of 
Myrica, has thence derived its name. 

472. The principle substances known to exist iu animals, 
have now received attention. They have been arranged in 
fonr groups, namely: 1st, Animal Neutral Quaternaries; Sd, 
Peculiar Animal Principlea ; 3d, Animal acids and salts ; and, 
4th, Wax, and the Animal Oils and Fats. 

Gr. 1. The Anirnal Neutral Quaternaries, embracing two aub- 
gronpfi : 1st, the Animal Protein Bubstances. Fibrin, Albumin, 
and Casein ; and, 2d, the Gelatin mihsfanceii. — Gelatin and 

4(5. Margarin? 46S. Stearin? 467. Bntrris 1 Caprain, Caprin, Hir- 
... ..„ -i,,.....:.-, ^.,_u._=_, ^^g^ Cfhlorealorin ? Bcrolin? 470. 
)f iheae fats 7 471. Cerin? Myridnl 
ed lo ! How many groaps have thST 
e the foar ijronps 1 The members of jproap 1 ! 
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196 COMPOSITION OF THE BLOOD. 

This Fibrin liaa been derived entirely from animal and vege- 
table Protein compounds, coming originally from tbe Tegetable 

480. Thb 8ki>', eeZ/u/nr fittue, ligamcnU, tendoiu, iHemhrants, 
Sk. are composed mostly of Gelatin ; having some fat deponted 
in the cella. 

481. Thb Blood. This body is more than three fourths 
WAter. In this liquid are dissolved a- number of saltH, snch as 
Chlorids, Carbonates, and PhofiphateB ; being salts of the metals 
Potassium, Sodium, Calcium, Magnesium, and Iron ; sm well as 
some Sesqnioiyd of Iron ; altogether usually from six to eight 
tenths of one per cent. 

These substances ^ve the blood little or no color. Besides 
holding these solids in solution and iiSniiion,Jrcsh arterial blond 
contains dissolved a large share of gas, whidi is chiefly a. mix- 
ture of about four parts of O. to one of N. 

462. The other subBtances are chiefly as follows : 
Red blood glohvla. These are roundish microBcopic bodies, 
(ftom Ei^ to jjljj of an inch in diameter in man,) and arc of 
different shapes and sizes in different animals. 

These globoloa ire cxilori'd with a four or five hondredlh port of Uemnlima 

S*9). BSaociaWd with about an equiTiileni of Iron ; and the remainder of ' 
em coneists of a Proleia sabsumce, not euentially different from Albmnin. 
The globules form froia twelve lo aboat fburtcen per cent, of healthful 

483. J2bHiflin coiutitutcs about Boren per cent ; Fihriii about one fifth 
Wnt; then Smlin (469), Coamm Jot, CUoreMerin (469), and probably 
Cerrbnc acid (459), altogether fcirm about one sixth per i^nt. 

484. TracEB of a vanBly of Other Bubstances havE been discovered, 
▼arionii specimens of difltrent kinds of animal blood, are other animal acii-, 
■Iready described, and Fluorine, Silicon, Muigonese, Lead, and Copper ; all 
bowever in combination. 

The composition of blood yaries greatly among different animals; in 
health, disease, &c. : the percentage just given rders to huBlthj hnman blood. 

Blood has an alkaline rfaction. Its composition may be stated 
generally as water, containing salts and gas ; red globules c( 



Sources of Fibrin 1 

480. What are mentioned as consisting of Gelatin ? 

481. Water and i/ooJr What are dissolved ? VThat salts in the Mood, and 
what per cent. 1 Fresh arieriid blood 1 

483 Description and size of the redgtobula! [How mnch coloring mat- 
ter and what is it called 1 What forma the remainder of the globules? 
What per cent, of the blood is glolinles 1 

483. State the pen-cntage of Albumin, Fibrin, and Fats ? 

484. What other substances are tmccd in the blood of varioos animalsl 
Variation 1 Percentage ^( 

Reaction of blooil ' Its ireneral composilten ' 
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ettPFlCIBNT WATIill lH MILK, BT(*. 197 

mg of Hematosin, Iron, snd PrulFin ; Allximin ; Fibrin ; 

acrveral different fnts ; nod traces of other matters. 

485. Milk. This liquid also varies eiceediuglj-, but 
cow's milk is more than eigbty-seTen ppr cent, fcaler ; ADont 
three per cent, butter ; about five per ceut. Caseiu. with some 
Albumin ; over four per cent. Lactose (444) ; and about one 
half per cent, salts which are mostly Chlorids, Fluorida, and 
Phosphates, of which the metals aj'e Potassium, Sodium, Cal- 
cium, Magnesium, and Iron. Uuman milk is richer in Lactose, 
and coutaius less Gneein. 

«36. The Flesh Fldiq. Tliis lultstance is tour flfths of (reeh mnscl^ 
Md aboDUdd in an Aibominoas Protein, CiTBtiu (446), Inoainic acid USB),. 
■nil calls uf Potnssiuni und Sodiam, more Gsperiiillj (he latter, and l>dD|[ 
diictty PhosphateB and Chlorids. 

487. Thb Saliva asd Pahcbhatic Jutca, ara ijuile Bimilar ._ 

position, both having an alkaline raidum and (.-ontaining Pepain (447), wnt, 
alkaline PluMphales, ami Chloride. Tho aWimi contains a bbIi of Salphoef^' 
anic acid (460) and is &oihj, with mach Oxygen diisolved. 

488. The Gastkic Juice. This snbslance contains free 
Lactic acid (452), Peprin, and Salli. 

Its reaction is acid. Its effects on the food will be considered 
under the head of Digestion and Nutrition. 



Namml hunuin bite u a ereenish, viscid, translucent liquid. Il has a dis- 
■greeablv odnr and taste, and is iiilense/y bitter. Its taste and odor arc dno 
to the Otolate and Chaleale of So<la, containiDg Cliolic acid (497), whicb con- 
aatsof the tbar organic clementa, and also Choltu: acid (460), which contains 
Sidphor. 

Berido these, there are present Chlorcsterin (4GS|, coloring matter, Chlo- 
■ids, and Phosphates. Bile has an alhilint. readion. 

4W. Thb Cbtlb is very similar to blood in composition, but contains no 
red zlobnlcs, and very little Fibrin. It is a while creamy liquid, aboundini;' 
in ^bnminou! and fatty matter, snd salts. 

4S1. Thb Ubink. In diflbrent animals there is considerable variation in 
tlus product of the kidney*. Uric (45a), Uippuric (4SG), Benzoic (453), and 
Fbogphoriu acids and suits are found; and Ammonia, Urea (449), Crcatin 
* (444), and Crealinin (446). The most cliaracteriatic lubslaitcet, hooKBer, are 
U«a and Uric add. 

Tht lelldexamae of animals, contain undigested and indigestible matters, 
and abound in Phosphates and other saltd. 

492. The Brain and Neri-es are about four fifths water and con- 



48S. State the difibrent elements of milk and their percentage ? 

[4S6. Pavticulani In reference to jUah finidt 487. Saliva and pancreatia 

488, Gastric juice? Its reaction? 

[489. 490. 491 . Particulars of bile, cu.-. ?| 

493. CompOBilion 'if brain and n-jrt« ? 
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nlW CHEMICJU. 



IN TMK MOUTU AND STOMACH. 



' taiit Protein subetances, Cbloieeterin, Cerebrie acid (459), and 

' Pho^phoras. 

Hornt. hooft, and hair, Ar« similar to each other in constitu- 
tion, consisting of C, H, N, 0, and S. The horns of the deer 
»i« more like booe. Tusks and teeth are highly compacted 

493. Eggs varr aomewbat in composition ; bat Albnmin ia 
their most characteristic and abundant constituent. Fat, PboB- 
phoric acid. Lactic acid, and salts, are also present. 

It will be now in order to consider 

DIGESnoy ASD NUTRITION. 

494. Digatum is mostly a Mechanical and Chemical process : 
it is intimately related to Nutrition which is more of a Phy«- 
(jogical character. 

496. Maaticaliatt and imaliration the first processes of diges- 
tion, are performed in the month. They should ronsist, in a 
I tliorough Eobdivision of the food as far as possible, and a com- 
plete admixture of it with the flnid ponred out by the salivary 
'^ands. 

By this means, the first stages of digestion will be properly 
instituted, and the Starch of the food, v\\\ begin, by the agency 
of the Pepsin, to be transformed into Glucose, and converted 
into a soluble state. The oily and fatty portions of the food, by 
means of the free alkalies, will also begin to be dissolved ; 
unce, as will be hereafter shnwn more particnlarly, bnt as is 
generally well known, alkalies convert Oils and Fats, which are 
insoluble in water, to soaps which are readily soluble. 

These two processes, (which are still fiirther favored by the 
saline properties, and the free 0. of the saliva,) completed, the 
masticated and inaahvated food Buffers 

496. Deglutition, a merely mechanical operation in which it is 
ttealloiced; that is, it passes through the esopkagui or gullet and 
through the cardiac orifice into the stomach, to undergo a new 

Ckytrufiealion. Here are substances, such as Lactic acid, 
which are capable of dissolving flesh. 

The contents of the stomach are kept constantly in motion ; 
being rolled about and thoroughly mingled with the gaati-ic 
juice; the free acid of which and tlie Pepsin and salts, are 




Horns, hoofa, hair, teclli, etc. ! 

498. Compositioa of eggs 1 What snbjsct follows ? 

494. NMBre of d!fjeMumf Nulrition? 

495. Give ati aocDUnI of FncisfiWifion and i'njafi'Bii(i''»t f 

496. Deglutition und Chj'mitkalioQ ? 
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m Koou tarilv lu.svbktbd to bluod. [1 

powerful chemical solvents j and by these means the food U re- 
doced to a sort of piilp. called Chymt. 

497. The Chyme, jinsses grtidiifllly out nf the pyioiir nptning 
of the stomach iiito the duodrnum- or iimt p[>rti«n of llie intestine 
and here undergoes 

Chyiification. This procees in the result of the action of the 
itVe and the pancreatic juice, which are here poured into the 
<Ayme. 

By the action of the varioiiE chemical agents which these flnids 
contain, bb, by their alkali and fats, and iheir mineral and 
oi^anic salts, and Pepsin, — tlie digestible Biibstances of the 
food, if not in excess, are finaUy thoroughly modified and dis- 
Bolved. The processes begun in the mouth are here finished, 
and the chyme becomes chijle. 

498. The chyle is then taken up as required, by the lacttah, 
which are small vessels thickly distributed to the dtiodennni, 
and passing through these and the glands which they form, is 
gradually modified by the way, and is trausmitted from them 
into the thoracic duel. 

This is a single small tube passing from the abdomen up into 
the thorax or chest, where it opens into the hji mbc/afian *««. 

As the chyle rises, through the thoracic duct, it is more and 
more modified, approaching nearer to the composition and prop- 
erties of blood ; and finally, when it leaves this duct and enters 
the vdn, it is soon brought into contact with the general mass of 
the drculnting fluid ; it goes to the heart and the lungs ; and 
the last process of digestion is finished : that is, it has become 
blood and has undergone Sangvijccatitm. 

499. In the mouth, stomach, and intestine, the process is 
mostly mechanical and chemical : that is, the food is mechanically 
and finely divided ; and is then subjected to simple and chemical 
Bolntion ; while the final portion of the process of digestion, is 
the result of the action of vital forces, by which the material is 
gradually organised into blood and partakes of all the prop- 
erties of that fluid. 

500. The Nutrition of the animal syston. is a process of as- 
mnilatiou and transformation. The mnterials for the construe- 

497. Into what doea the chelae pHEe, going from the stomaiJi .' What 
does the chjniitiel food undergo in the duodlnum? WTial flnida ate here 
mingled with it 7 Wliat cheinical ftgcnM here act ftnrt what is tJiL-ir effects ? 

*98, What nest heiumea of the ehylo 1 Wlin.1 nro Ihu laclcola. ajid to 
wbU distrihutHl t Course and niodilli^ation of the ehyle '. Into what doeg 
flie chyle bo ''. Tliiimck duct ? It opens into what ? Wliat finally bctomes 
of [he chyio ? Wliat is its last change called 7 

499. What is thp digestive procees at lirat '. Finally ? 
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MS TIIK rONNErTINU LINKS IN THE UIBCDIT. 

the brain seems to be subject to the eame exhauBtion 
by esereine, ancl thus to suffer waste and Bupply. 

608. Fonnalion and ilnpotite of Fat. Where tlie animal re- 
ceives B qnautity of ternary substancee into the Bystem. greater 
tban can De removed by respiration, there is a conversion of the 
Starch, &c., into fat which 19 deposited in the tiftsuea. 

On the other hand, when the snpply of these ternary snb' 
fltances is inadequate, any fat stored in tbe system is taken up 
and consumed, to maintain respiration. 

Exainples of this are seen, in hibernating animals, which fat- 
ten in autumn, lie close and take little food in winter, and in 
the spring appear with tbeir fat exhausted. 

509. It lias been seen that the food of animals is of two kinds : 
Ist, Starch, Sugars, Gnms, and Fats, which are the elementi of 
Jteipiralion ; and, 2d, Protein substances : Fibrin, Albumin, 
Legumin, &c., the efementi of mctritimt, which go to form the 
tissues. 

510. Oppoting arJian of Plants and Animalt. Plants draw 
their nourisliment from the mineral kingdom ; they take water. 
Carbonic acid, Ammonia, and Salts ; and, liberating O. into the 
atmosphere, convert them into organic substances, which be- 
come the food of animals. 

These organic substances are consumed hy animals. They 
take up 0. from the air, and ^ive out, as mineral Bnbstnnces, 
Carbonic acid, water, Ammonia, Urea compounds which are 
converted into Ammonia, and Salts. 

Here, then, is seen, " on the other hand," the link of connec- 
tion between plants and animals, before referred to (391). Car- 
bonic acid, water, Ammonia, and salts, are the substances which 
animals throw out into the mineral world; these, also, are the 
substances whicli plants require. 

The organic Protein substances, and neutral Ternaries, pass 
from plants to animals, and form the connection on one side ; 
the mineral compounds. Ammonia, Carbonic acid, and water, 
pass from animals to plants, and are the connection on the 
other. The elements of these two classes of connecting sub- 
stances are continually moving in a circuit in the organic world. 

The braJQ ! 

M8. How may fnt accamalsie t In what cam is [he fat of [he syatem con- 
Bntnvd ! Exnmplu i 

609. Two classes of animsl food, objects of each and e^iainplea ? 

BIO. What miaerol sahslancca do plants take np, what do they liberate 
into the air, and what do Ihcy form 7 What do anlmalii conf ume, what with- 
draw from the air, and what mineral SBbBtancoa do Ihcy yield 1 What --■■ 
BtaiireB puss from plants to anininlB, and what from a ' '~ ' 
Oircail in wliieli certain elemenla novel 
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[Kvius; now considered the most huportatit cltemicitl tela* 
B of living plants and aDimsIs, it will be requieile to next 



THE NATintAL CnANGES 

in organic hodiei 
AFTER LIFE. 



511. Tbeee ehitnges come under tlie heads of Eremaca\ 
Putre/acCion, and Frrmentation. 

Ekbmacacsis, from the Greek erema, by degrees, and kavnt, 
bumiag, may be applied to the slow decay which bodies suf- 
ter by natur^ means. An example is Goen in the gradual 
waiting of wood and vegetable matttirs. Ternary substances 
under the influence of a moderate degree of moisture are gen- 
erally Bnbject at common temperatures to this slow decay. 

512. PtFTREPACTiON is properly applied only to the rapid 
decompoeition which may occur in Quaternary substances, or in 
bodies containing them. Anima!, and certain vegetable sub- 
stances, such as flesh, eggs, cheese, and the paste, or the wash- 
ing of wbeat flour, may putrefy. 

The term putrid, is commonly applied to a state of decom- 
position in which a strongly disagreeable scent arises. This 
odor is duo to such substances as Ammonia, Sulphuretted Hy- 
drogen, and Phosburetted Hydrogen; or Bubstances arising 
from new combinations of Nitrogen, Sulphur, and Phosphonis. 

It is only the quaternary substances that coutain N. This 
N. and very small quantities of S. and P. present in the quater- 
naries then produce tbc odor. 

513. PnlreJtirJion only goes on within certain ranges of tem- 
perature. It can not occur at, nor below, the freezing point, nor 
above 192°. 

Mouture is al»o generally Hcccssary. In regions where the 
Sii is unusually dry, flesh, and even the bodies of animals, re- 
main unaffected, and are Indefinitely preserved. 

614. Common salt and Alcohol are effective in preventing 
decay, because they strongly attract water, and thus, in effect, 
dry the substance. This is seen in tbe preservation of animal 

Subject following tbat of the relations of living plants and imimiils t 

51 1 . Under what hcndB do the nntuml diangcs come '. What is Eremacan. 
bIb t Example ? 

512. Patrefnction ! In what does it occur? Esuraples? The term 

Bin. Effcrt of tcmpernture iiti piitrefnriion ? Moisturo ! 
SN. Action of snll iind Alcohol ' Exiunplcs ? 
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"204 PI.TBEFACTION ORIGINATES PERMENTATIOIV. 

matter by meaDS of common salt, ns with snlted meat; and 
specimens of animals and anatomical preparations preseTVed in 
Alcohol. Alcohol also acts, by coagulating AHramin, and ren- 
dering it insoluble, and incapable of being affected hy water. 
Such Bnbstances as corrosive sublimate. Sulphate of Iron, Tan- 
nic acid, KreaBote, are also antiseptic or hare a similar effect an 
organic substances ; and are used on this account. 

51S. A putrescent substance is capable of communicating its 
ovn condition to other bodies ; and hence causes putrefaction, 
in those that bave a quaternary composition. 

It is well known that a putrefying substance, introduced into 
the blood] even in small quantity by a slight incision, as some- 
times occurs in dissection, may communicate such a disorgani- 
aing Influence to the system, as to cause death. The same Kind 
of influence is supposed to explain the communication of disease 
by infection : the infecting matter being thought to be absorbed 
into the system in some way, where it institutes disorganizing 
influences. 

616. Putrescent bodies act as _/ermCTi(j, and impart a ninch 



rapid change, than that of ordinary decay, to Teman 
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ntbstances, in the course of which peculiar compounds are formei 

PEBUENTATION. 

617. This term is applied to different kinds of peculiar de- 
iomposition in ternary substances, instituted originally by a 
quaternary substance, which is itself in the act of putrefaction, 
or in a cei-tain state of change. 

There aro several kinds ot' fermentation, each taking its name 
from the peculiar substance which it produces as the Alcoholic, 
the Acetous, and the Lactic acid, or Laclout fermentations. 
The first consists in the conversion of Grape Sugar into Alco- 
hol and Carbonic acid ; but before it is especially noticed, the 
Jerjacnl-s require further attention. 

.518. Beside the Protein substances, blood and G-elatin, all 
if which being putrefiable, may act as ftrmvRts, there are cer- 
tain special ferments such as yeast and diastaae. 

Another cause for the action of Alcohol "i Otter agunia that render orgBnic 
snbatances insoluble ? 

515. Action of It pDtrescent bodj-ou quidtemary sulKtanees ' On the Uood 
and examples ? Iiueetion t 

B16, Ferments 1 Class of subEtsncCB on which they nei '. What aio 
ftmned! 

517. What is fcriQcntHtion 1 Kiads of fermentation and uajues 1 The 
Alcoholic! 

51S. What an., inciitiotied ae fonncnta ? What spcpial ferments ! 




pre 



SUGAR CHANGED TO ALCOHOL AKD lARBOMC ACID. 305 

Tkast. This is the douompoBiii^ I'rulcin Bul>Btan<.'e that is 
ireseut in r fermeotine msEs. Wlicii separated, washed, and 
jied, it is a grayish yellow powder, deBtittite of taste and smell, 
and scarcely soluble in water. Jts componitiou is variable. In 
feraientatloi], there is generally a sort of fungous plant observed 
in connection with it n-hich has been sappotied, probably erro- 
neously, to exert some influence. 

Yeast has the property of causing a tranHformation of Cane 
Sngor into Glucose, and of inducing in this latter Sugar the Al- 
coholic fermentation. 

When fermentation occurs in any mass containing a portion 
of Protein, the quantity of yeast increases ; being derived from 
the Protein : but where yeast is introduced into a solution of 
pnre Sugar, it wastes away, from its own decomposition. 

619. Diastase is of a character very similar to yeast. It 
appears to be merely a Protein substance in an earlier stage of 
decomporition, than yeast. It has the power of converting 
Btarch into Dextrin and from that into Grape Sugar. Dex/rin 
is merely a solable modilicatiou of Starch having properties 
similar to Gum. Malt is barley that has been eonkea in water 
jutlH germinated or sprouted, and has then been dried. From 
malt diastase is obtained by a simple process. It is capable of 
•oarerting 3000 parts of Starch into Grape Sugar. 

THE ALCOHOLIC FERMENTATION. 

520. This fermentation, sometimes called the vijunu fermenta- 
tion, since it occurs in wine, Lat. vinum. has been defined to 
consist in the transformRtion of Grape Sugar into Alcohol, 
Cja.O„ and Carbonic acid, CO.. 

Since the fonnula of Grape Sugar is C„Hj,Oj„ it contains the 
elements of four equivalents of Alcohol 4C,HsOa, and eight of 
acid, 8C0,. This is the actual result of the fermentation of 
this Sugar. 

The Alcoholic fermentation may occnr under a variety of eir- 
cnmstances. It is always Glncose that undergoes this fermen- 
tation. Cane Sugar ftimishes Alcohol by being firet converted 
into Glucose. 

Wliat in yeuBt? Fungous plant? Proiicrtj- of jeaatl Increase nnd waste 

519. Diastase? Foweri Dexttia? Malt? From what may rfiostaK be 
obtained t Effects on Starch ? 

630. Other name for ihe Alcoholic fermentation nnd why? Dtifinilion ? 
Explaio the results of tfie deconi position of an mum of Glneoso! Froni 
what IB Alcohol nlways piodueed in ftrmenlation 1 Into what is Cane sugar 
converted bi^fore the vinoui fi^rmcntiition ocputb ! 
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Tlie fenaeaasMOBh of tlie dcv^ o^ntei whh tbe Sugar 
cnsaaoDed in ^e ikvr. jotd obmc^ ^v^ieB tint b < iksBnlnl 

I£ in bread iiaiiTng:, tfe &«i^ Imiws; are baked too soon, 
Ifccj wiD »jt be « iffM m^hJ} ^bt,far Ae fiiatca iaiion is entirely 
anestad by die knct «f tbe crea. Br l eatia g tbe bMTes too 
loBt^^ Ve^oie bskis^, tfe femjajim ioa passes on to tbe fbnnation 
of AccCac and Lacitac aod^, and tbe bxead b ecoi c s soar ; tbis is 
best aiDesided br tbe ase of afinle Kcaibonate of Soda. 

Macb depends on tbe good qaafinr of tbe jeast, wbicb must 
be fresh and sveet. Soar jeast gi^YS iKe to acids in fennenta- 
tion, and yeast that has tcM> fiur decomposed is less actire. 
Brewers* yeast, which is that body liang to tbe sorface in the 
fermenting vessels at tbe bxeweiies, is an actire and excellent 
yeast if fresh. The good housewife herself prepsres new 
yeast, before the old has become impured, and thus always 
nas fresh. 

523. The effect of tbe nsoal process in bread making, is, to 
convert most of the natural Sngar of the floor into Alcohol and 
Carbonic add, both of which disappear : to convert abont \ of 
the original Starch into the soluble form, and a part of this into 
Sngar ; and to diminish, somewhat, the natural toughness of the 
Glutin, by incipient decompostion and baking, and thus increase 
its digestibility : some portion of the Albumin of the flour must 
enter into decomposition, thus adding force to the fermentation 
instituted by the yeast. 



521 . Pare sngar how fermented ? Origin of fermentation in joices ? 

522. Cause of the rUing of hread ? Bfow ? The fermentation of bread is 
roiifmed to what substance? Baking loaves too soon or too latcl Good 
yea>*t in bread making ? 

^2.3. Effect of the bread-making process 1 



CONDITIONS OK TlIK KHHMENTAT10\S. 207 

524. All fprmented Hqnora neccsearily contain Alcoliul n» K 
pnxitict of the fermentation. 

The Alcoholic fermentation of different juices and sweet sola- 
tioDS and the ptnbsequent diBtJllation, eires rise to all the Tariety 
in Alcoholic beverages, the pecnliar flavor of which nriBes from 
the characteriatic cticr present. Latterly many of these drinkB 
are JUtitions, or made directly from an Alcohol of greater or 
leas parity by the addition of a variety of substances often more 
poisonons than the Alcohol itself. 

525. In a liquid ma?s, the Alcoholic fermentation proceeds 
beet at a temperatnre between 68^ and 77°. 

If nulk is Kept at a temperature of 100^, its Casein institntea 
the Alcoholic fcrmeatatioD. Alcohol will be described in its 
proper place. 

THE ACBTOUa PERMESTATIOS. 

526. This gives rise to Acetic acid, C.H,0„ hereafter to be 
noticed. It occnrs possibly in two ways. Ist : As has been 
mentioned, it follows the Alcoholic fermentation when that ia 
allowed to go so far, and under certain ctTcumstances may per- 
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"he Acetous fermentation occurs in weak Alcoholic solutions 
hy exposure to air. The change of Alcohol, C^HjO,, to Acetic 
acid is very simple ; for, by absorbing 0, from the air, Alco- 
hol furnishes Acetic acid, 0,H,0„ and 2 eq. of Water, 2II0. 

Sd. The long action of cheese curd, on a solution of Sngsr 
at 68*^, converts it to Acetic acid ; the change being apparently, 
the formation of just 6C.H,0„ from Glucose, C„H„Oj.. 

527. The LacUtut /ermfiUafinn-, by which Milk sours, is an 
extremely simple chnnge ; since an equivalent of Milk Sugar, 
with as much water as it is combined with in crystalizntion, 
is CmH^iOii, and just furnishes two equivalents of Lactic acid, 
C„H,,0„. 

This Lactous fermentation may be excited and continued in 
a solution of Sugar, hy the action of curd, at a temperature of 

534. Conalitutioii at fermented liquors? Canae of the peculinr flavor of 
Alcoholic beverages ? Nature of those now manufnelureil t 

S25, Touipprfttara moat fm-oralilo to fennpnlalion in liquids? Alcohol 
fhnn milk ! What fenoentflUon in next dL-scribad ? 

62S. What is produced in Iho Acetous formontation, and sjmb. T Con- 
B«rcion of the Acelooa and Alcohoiic fermentttrionB 7 Explain (he change 
of Alcohol 10 Acetic add and piva the svmbol ? Tho production of Ac«tic 
•eid from sueor, hy means of cheese cum/ 

5S7. The chemical rhanpea in the sonriiij; of Jlilk (on the blnikhonrd) ' 
Lucloua fcnncnladon in 8u^;ir lij curd and (cmpcmtnri' uf atf, etc. T 
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MARSH GAS AND OLBFIANT OA8. 209 

Pmtj Ugmte, onikrtMcitef and granhite^ are all carbonaceoas bodies, that hare 
resulted from the action of natarai forces upon a former vegetation. Anthn^ 
dte has, apparently, been subjected to a very hi^h temperature, and graphiu 
to a still more intense heat. Lignite exhibits, perfectly, the woody stmctore 
which is discoverable even in anthracite. Peat is a swampy vegetable depot- 
ite, and has resulted partly from the action of water. 

533. There are many other substances which are of similar origin, but ex- 
e^t sudi as may come into notice hereafter, only two more can l^ described. 

Among the most interesting results of natural action upon substances, origi- 
mny organic, are the two gaseous compounds of Carbon and Hydrogen. 
These may be denominated Formen and Etheren. 

534. FoRMEN, CsH4,=16. Dens. 55. This gas has gener- 
ally heen denominated light Carburetted Hydrogen, and also 
marsh gas. It results from the decomposition of vegetable mat- 
ter covered with water ; and may be collected in many a stag^ 
nant pool by stirring the mud at the bottom, and catching the 
bubbles of gas as they rise. 

It may be produced artificially from Acetate of Potassa, 
C4(HsK)04, by the action of Hydrate of Potassa, KO,HO, and 
heat ; some Lime being used to preserve the flask from the ac- 
tion of the Potassa, at the high temperature required. 

2 Equivalents of Carbonate of Potassa, and one of the gas result, thus : 
C4(H3K)04+KO,HO=2(KO,CO,)+aH4. 

535. This is a colorless, inodorous, slightly soluble, and com- 
bustible gas ; burning with a yellowish blue flame and producing 
water and Carbonic acid. With two volumes of O. it explodes 
violently. By the action of CI, moisture, and light it is con- 
verted into Carbonic and Olorohydric acids. It will be neces- 
mry to refer to it ag«iin. ' 

in. 469. Production of C2H4. 

lU. 470. Its combustion and explosion. 

536. Etheren, 0,H< = 28 ; Dens. 94. This gas is best 
known as heavy Carburetted Hydrogen, and also as olefiant gas. 
It is colorless, but has considerable odor, and is somewhat sol- 
uble in water. It bums with a rich yellow light, and mixed 
with three volumes of O. explodes, on the application of flame, 
with very great force. 

Formen and Etheren abound in bituminous coal mines ; and 

Other Carbonaceous bodies and their origin? Heat, anthracite, and 
graphite ? Lignite ? Peat ? 533. Other substances resulting from nat- 
ural influences ? Formen and Etheren ? 

534. Symb., equiv., and dens., of Formen? Other names? Sources? 
Artificial production ? Lime ? [Changes ?] 

535. Properties and Results of its Combustion ? Explosion ? Chlorine ? 
Production, 469 ? 470 ? 536. Symb., Equiv., and Dens, of Etheren ? Names f 
Properties ? Combustion ? Sources of Formen and Etheren ? 
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mixed wttii air. form ^e fian^enns ex^osiTe mixtore, caDed by 
the miners Jirv dtem^. 

5:i7. THe expIkHwia of sqcIl mtxtures, in the mines, hare de- 
stEOTtfd titoQsaziiis of ]it«Sw 

The weQ known miner s ^ saletr lamp," the invention of Sir 
HumphzeT Darj* comets of a lamp for hnndng ofl ; and with 
an enekwore of wire gmnze arovnd the flame. 

Its action depends on the £Kt, that whfle the mass of gas 
fbrxnin^ a llame can readOhr pass throogh a fine wire gauze ; 
ret,, m p«tfi»n^ through, it is so much cooled, by the conducting 
power of the wire^ as to be no hmger incandescent, nor capable 
of 6rin^ an explosire mixture. 

When in use in the mine, in the presence of the combustible 
gas> the flame oi the lamp enlarges, by the passage of the gas 
throogh, to the inside of the gauze ; but no explosion occurs : 
while the enlargement of the flame is a warning of the danger, 
and shows the necessity for a better rentilation. 

538. Carbnretted Hydrogen * gas issues abundantly from the 
earth in many localities. The TiUage of Fredonia, Ghantauque 
county, New .York, is lighted with the natural gas ; and on the 
Kenawha rirer, Ya., the salt brine is CTaporated, by means of 
its combustion, from natural sources. 

The great practical importance of Garburetted Hydrogen gas 
for artificial illumination, will exact some further attention, to 
these two substances ; but, before this can be given, it will be 
necessary to introduce the final division of substances to be de- 
scribed. This embraces 

ABTIFiaAL ORGANIC PRODUCTS. 

539. The substances now to be noticed, are those that are 
more commonly the result of transformations of organic prod- 
ucts by artificial means. The two gases, G«H4 and G4H4, may 
well serve to introduce this extensive class of substances ; for 
both are comparatively large products, naturally and artifi- 
cially. 

* This term is used here and hereafter to denote a yariable and imporo 
mixture of Formen and Ethercn. 



Fire damp? 637. Explosions in mines? Davy's ]amp? Principle of 
its action ? Action of the lamp in the mine ? 538. Other sources ? Use 
of the term Carburctted Hydrogen ? Fredonia? Kenawha? Importance? 
Finnl divinion of organic substances ? 539. Sources of the substances of 
tbiH cliviHion ? What two gases connect the natural substances with the arti- 
ficial, and why? 
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In the latter esse the; &r« known, in ui Jmpara condition is 
file Js^e way, as 

COAL GAG. 

540. Coal gas is generally employed for tbe illumination of 
all considerable towns in the United Slates. 

The mRterial from which it is produced, is bituminons coal, 
which is heated to a bright red heat in peculiarly shaped Iron 

541. The prodncts are Tsrions; tiat ar« principallf. FonnEii, Elhercn, 
" ' Toldiile Carbo-HydroBeD oils. Ammonia, Carbonic Oxyd, Carbo- 

Iphydric acid, cc^ Ear. cobI nil, Snlpburoua add, KItrogen, and 

__, but several of the latter in quite small qaantitr. Tlic lolatilD 

-Hydrogens, and Formi^n, and Ethcrcn. aiv itie onlv vdnablo prodncu, 

X, having, except the oils, mucb the highest iUnminatiog pone- *■"-- 

.. .He Bad H. with tbe slight trace of n, and Carbonic oxid, a 

sUowed to go bejond the gaa works. Ail the otiioce, as well aa 



CjMioBeii 
Cu-bo-Hyi 



■h^ but, having, except the oils, much the highest iUaininating pover. None 
but these and H. with tbe slight trace of n, and Carbonic oxid, abonld be 
sUowed to go bejond the gas works. Ail tbe otiioce, as well us some or 
Ihwo, impair the general illuminatiQg- power below that of the Csrhiuvltcd 
BjdnigeiiB, beside ditfu^ing offensive odors, Tbe olberB are arrested bv 
iruhin^ tbe product Ihrongh water; by cooling; tnd by the action of fresh 
sod nearly dry Hydrate of Lime. 

542. The gas thus prodnced, when properly burned, is the 
beat, safest, and cheapest known light. 

As to the ratio of Coal to gas, it is fonnd that one hundred pounds of 
good coal furoieh about four bandred cabie feet of gas, leaving nearly two 
Ihiida of the coal in tbe retort, as Qite, a portion of which will be snrH- 
cient to expel the gas from one bnndrcd ponnds of coal. Beside the gas, 
■Ome otiier of the prodnots are valuable. The coal oil is nsed as a solvent 
for Cuontchouc; the eoniponnde of Ammonia are prepared from tbe coal 
gas product ; and Prussian Wiie is mannfactured from tbe Cyanogen com- 

543. The cause of the brilliancy of tlie Carburetted Hydrogen 
flame lies in the quantity of C, which it contains, as already ex- 
plained (81). The prodncta of the complete combustion of the 
Oarbo-Hydrogena are water and CO,. 

Like the mixed subatances forming it, Coal gas is powerfully 
explosive when properly mingled with air ; and serious ac- 
cidents occasionally occur, through ignorance nr carelessness in 
entering placoa with a light, into which it has leaked and mixed 
with the air to form an explosive mixtnre. 

111. 471. Coal gas evolved by a high heat from bituminons Coal in the 
bowl of a tobacco pipe, covered with a biyer of clay ; and burned as it issues 
from the stem. 

Large production anifleiallyl MO. Use ot coal gnsl Scarce of cool 
pu? (541. Products in its manofitctnre ; wbich valuable; which to bo ar- 
rested and how?| Ma. Valnofor liisht! [Ratio of gaa to Coall Cokff 
Other VBlunhle prodnctn nnd their ui>e ^ 518. Brilliancy of the flame ! 
Danger? I'roduction of coul (ru'^. 471 ' 
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* 912 OLKPIANT GAS FKOM ALCXtHOU 

tS. 473. Apprannce and olijncil proponies of Coal gas, 

III. 473. Tbe gu bonig mlh ■ flue j«Uoir liglit 

JO. 474. An apn(;lit jar fall or the gas, bein^ fct on fire, water is poured 
on the flame, bul pasfing through into (he jar, produces no other effect tluui 
lo pasta the flame aside and lo lil^ the gas up inio ihc air. 

lU, 47$. The gas being throwD on Davy's Ismp, Cakes fire inside the 

SI, 476. A mixtiire of CI. and coal gas, made and qucklj Gred, teanla in 
a large depoeite at C. 

IB. 477. A bailooo of CM-braler ildn, if not mnch less then two feet in 
^meier, filled wilh Coal gas, rises lite one filled with pure H. 

544. Coa] gas is almost nniTersallj employed for the inflation, 
in ballcion ascensions, Whil« heavier than H. it is mnch less 
liable lo escape. The diflusive tendency of H. ie so great that 
where it is to he used the balloon must be made of the beet 
material. The Sp. gr. of coal grts varies with the quality of 
the coal and the details of the process, bul ought to be as liigh 
as .659. It is sometimes no more then .4. 

IB. 47a. A mixture of coal gas and 2j vols, of 0. enplodes irilh great 

545. Etheren may be obtained nearly pnre by the action of 
Solpbnricacid and heat upon Alcohol : there being three vol- 
nmes of HO,SO. to one of Alcohol. 

To scpsTBte the Sulphurous acid, Carbonic acid, and Etlier, whicJi ara also 
dcTBloped in this process, the gas may be washed through solnlion of Potassa, 
and also through Sulphuric ncid ; bul ihis purification is imncecssiuy for il- 
bucratire parposes, as, when collected over water in the usual way, the im- 
parities arc sufficiently separaicd. 

All the operatious perfbnned wilh coal eps may bo rcprodnced, with 
Eflieren from Alcohol; but, with still better effect, on account of the aaperior 
quaLty of the gas. 

MS. By mixing equal volumes of Etheren and Chlorine, they combine and 
pn>duce a heavy gweotisb ail. The discovery of this fact pive the nuns, 
aif/iani or oil-Jornim gas to Etheren. The oUy compomid ia C|HiCli, and 
is called BiiMoric Elherilot. 

in. 479, Violent explosion of C.H,, 

III. 480. A fine Iron wire bums in a ! 

III. 481. Formation of Bichloric Etherilcn.' 

547. Effect of hbat oh Wood. When wood is circumstanced simi- 
larly to coal in the production of coal gas, or is powerfully heated, being en- 
closed fi-om the uir, it yields somewhat similar produces ; illuminadng gas, 
Ainmonla, etc- Some towns are lighted in this way, but more cotnmonly, 
the direct object of the process, whidi is termed the "datractivt distUltOim" 
* Is this new 1 

Propertifs, 472' Light, 473 7 Water on flamo, 474? Davy's Lamp, 
47B! CI, 4761 Balloon, 477! 544. Gas for inflation of bnUoons, and 
why! Cmlgasand 0.478? 545. Etheren fhjm Alcohol ? ISeparation of 
other products ? Operations with Etheren' S46. CiHi and Cl! Oloftant 
^f Name for CiHiCI'?] C,H, and O! And Fe ! 481! 5*7, Sub- 
ject ? Products of healinB wood powerfullv without ncccsfl of i ' ' ~ 
Hgbled ' Moat rommon objeefs of the process ! Numo of pro 
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■ kw miiiBtDa, wiU (km paDrfj. BettM tba 
D I proerrc. It ui ittc taiyv a^rat in preparing 
b fonoB crrmJiDe mmpoamb iritfa the »'*»'■— 
>, odor, uul «nnba«tibUiiT of Kicuoi?. 

Scane other of the resolu of the sction of heat on cotJ Mid 
irood eome onder the head of 

eOUD AND UQUID HTDBO-CARBOIfS. 

549. These snbeliBizM are namenms ; one of Ibem, 

Enrion, CiSt. » (bond in the utr tiinn the desiranive distQlalion of n 
ma] and. vegMsble matlera. Itisathin, coloriew,»romalic, liquid. Bp.gr..M_. 

Mu7HAL£!i, CkHi ii prepared &odi coal tar. It farms bcoalinil and fia- | 
gnuu ciyitata. 

550. LeariDg these tuhstancee, which are highly interesting^ 
e may now enter upon some classes of substances of very to- 

mBikabie composition. 

For example, the first class which will be noticed, is the c 
of Alcohols ; and these, thongh differing in composition, tanY 
tH be represented by the same tymbol, merely by employing a 
literal, instead of a numeral multiplier aa heretofore, and allow- 
ing to this letter a rariable value, yet restricted within certwi 
Umits. This class of Alcohols may be represeuted by the sym- 
bol O.H„+,Oj, the letter » representing the same number foe any 
one Alcohol ; whether attached tu the C or the H ; and in ul 
cases, it represents a number divisible by two. All the bodies 
which may thos be represented by the same formula are said 
to be homologous with one another. 



THE ALCOHOLS, C,H,+iOi. 
551. These substances are so named and classed since their 
composition is hon'^logous, with that of common Alcohol, C,H,0,. 
The first of the series is 

Number of products 7 548. Symb. of Krcasota 7 Propurlies ? Why anU- 
■epticl Meat^ Name? Cumpoundel Specimen Ereimote, 4S3! Head 
for other prodaeta t [519. Noiober of Hydro-Carbona 'i Sjmb,, source, and 
ptopeities, of Eapion 1 Of Napthaica ?] 5!)0. Tbe classes next noticed are 
remarkablo, how '• First tlnss ? In what way, may thoy all bava one formn- 
b! Formula foe all the AlcolioU? What is indicated by tbo letter nf 
Term applied to those substanres whieh may thus have one formula 1 
— "-^ ■• ■wianPcitcallcd.^/cDfto/sy 
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Sii. UKnMM. CMX>^ Tim- i* a pmdnel of tfa« d«strDctive 

n of «o(id, and baa i e« « T p d ■ercisl other names, as 

ksfint, and noo^ mo'jiti^ naiaes wUck indicate its ori- 

''ic naue fint giren &aa w^a, vine. &nd xuJim, 

rt and a pw w fwa te. Xctbol ia a eulorleiss, pon^^ent, 

-' ; bnrning with a pale Ubf flante. It is used in 

. VncoL, G,H^,=;t6, i>nH. £, is commoo Alcohol, the 
e of whidi has been described nnder the head of AUokolie 
JermgMlalioK. It is well known in ite ordinary commercial form, 
in which, however, it is not entirely pure, being nsually when 
BiroDgest, about 93 or 94 per cent, pure Alcohol, — the remain- 
der being water. Fnre Alcohol, called, generally a Ajo/vU Alco- 
hol, is prodnced by the action of Chlorid of Calcinm on the com- 
mercial article, and Eubseqnent djstillalioo. 

AJcahol ia separated troia the jermented liqnor in which it is 
formed, by digdllation, since it is more vol.itile than most of the 
other substaBces present ; the boiling point of Alcohol being 
173^. Repeated distillationa, are however necessary, to bring 
it np to any of the higher commercial standards which are da- 
nominated " 80 pr, ct.," " 95 pr. ct«" etc 

A54. Alcohol is a volatile, pui^nt, colortejis, liqaid, and has 
never been frozen- 

II mixee with water in all proportions and dissolves many 
substances which water does not ; especially the volatile oils, 
and many resins, as well aa some saline substances. 

It is combustible, bums with a pale bluish light, and little 
smoke ; producing very considerable heat, on which account 
it is used extensively as a source of heat in chemical processes ; 
tfcmigh coal gas where procurable, with a suitable arrangement 
ibr burning it, is cheaper and better. 

lU. 483. The dietiltadon of a mixtoni of C,H.,Oi, and water, id ffvn W> 
foniUh B liqnid of less gp. gr. than the originid mixture, and containing a 
larger share of A!«>hoI, 

m, 4M. SolTent powers and combnatihililj of CHjO*. 
u55. Owing to its combustibility and volatility, the vapor of 
Alcohol readily mixes with air, and forms an explosive mix- 



fiS2. First of the series and «jmbol i Soun«. names, 
BM, Namo and symb. of common, alcohol ! Source and whero described ! 
Strongest comiuercial alcohol? Ahsalvtt and how produced? How ia Aim- 
hoi separated from fenuentcd liqnor and principle ? How broo]i;ht to SO per 
cent., etc.? 554. Properties! Frnzen ? Mixes lioiv with water! Solvunt 
poweis? Bums how, and use ! Distillation, 4SS ? III. 4S4! --- — - 



The antitepfie prop^rtim of Aknlwl lttT« been rafenvd U as 
nwing to its attraction for vaUr, and its fomtw of c 
Albnmin, on wbicb it acts like Kreawtte, ctttrr-- — 
and other powerfol chemical areata. 

556. Siuce digtilled and f«nnrat«d liqnon vbidi i 
contain Alcohol, are quite generally emplojed as bcT e r a gca. it 
has become the business of Chemisti7 and PhyBioh^y to ntves- 
tigat«, and decide npon the relations of Alcohol, a^ well as apon 
those of every other mbstance, to the aiuQul economy. 

The result of the investi^tion is, that Alcohol doe« not he- 
long to any of the classes of mbstancea that regularly supply 
the irants of the animal economy : that while all these sab- 
staticea are the product of either livings vegetable or animal 
forces. Alcohol is not ench a prodact ; but id produced by a 
fermentation, which is itself the effect of the action of putre- 
faction ; and, further, that Alcohol interferes with all the regu- 
lar operations of the animal economy, and exerts a powerfdl 
infinence on the heart, the hrniu. and all the chief organs of the 
body ; and that a small <]aantity of pure Alcohol is capable of 
causing death. 

Hence it is necessary to class titb Euhstancc with those that 
are poisonous, like corrosive snblimaie, Morphine, or Arsenic; 
which are only to be used, if at all, in those special cases where 
the demand for them is to be decided upon by an intelligenti 
unbiased, and jodicions physician. 

557. Anti»l, CiuH:iO;, b a sutwtatiM obtained in ll . _ 

dadi^ Alrahol &om the fenDcnutron of polsloes. Il is a coforiesa, pnng«ii^.fl 
awueoos, oilj, combnftiblB liquid. 

Ilie other sabstAiioes of this eh)sa txf, ]>i»i^ticanT quite animportsnl, ai 



Thei 



iiid tbrming I 



ACmS OF THE FORMULA C.H.O,. 

The first of these is 

658, FoEMic Acid, CHjO,, which has been referred to (450Vl 
as a product of the nettle, and the ant, as well as of chemicajil 
processes. Next is 

CI. 4S5? Aotis^iiticproperties 1 555. To what cIrbb of sDbBtann>8 doea 1 
IM Alcohol belong 7 How are thesa subBtances all produeed ? Bow w Al- 
WboH Action of Alcohol OQ the aoimal syatem? Pure Alcohol? Cium 
In which it is to bo aseil, if at alii iS57. Symb., sonrco, and proportiai of 
Amflo) ? Fnu^ticnl aee of other Alcohola ?] What acids are meotianad, 
and lheir/irniii/o f Narao and symh, of the first ono ? 5Se. Sonrwa of FOlv 
nil; acid, and where rpferred to % 
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an iiQpnre 
to (526) M I 



539. Acme Acid. C.H^O^ This sabstance, i 

I kaowB ad rimtfar ; and has been referred to (526) a 
Ae product of the Acetona fermieutationa. It may be produced 
IB a varietT of ways ; oae of (h« most curious of which is by 
tfcs aetioo of PUdnitm bUck on the Tspor of Alcohol in the 
noligki. 

Pladnnn black is merely metallic Platinom, as a black pow- 
der, precipitated on the oegatire pole of a battery from a solu- 
tiun of Chlorid of Ptatiuom, or by the action of Carbonate of 
Soda, Su^ar and heat npon the same solution. 

Wbeii Kome Platinum black it placed beside a vessel of Al- 
cohol under a bell-glass tn the sun, the vapor of C,H,0, con- 
denses npon the sides of the glass. In this case there ia pro- 
duction of an intermediate substance. Aldehyd, C,H,Ou hereafter 
to be noticed. 

Also, if a coil of fine Platinum wire is suspended, when red- 
hot, in a glass above some ether, the wire contiiines to glow 
vntil the Ether is exhausted. The beat resalts from the 
chemical combinations, by which Acetic and Formic acids and 
other substances are produced. 

560. Tbe Acetous fenneotstion, for the production of vinegar, 
is managed in various ways. What is called dder cix^ar, is 
produced sometimes, by the eiposnre of cider, the fermented 
jnice of apples, in open casks, to the action of the air. The 
addition of ready formed vinegar, and of " mofher," a Aingons 
growth in vinegar, or of any ferment, hastens tbe process. Id 
a similar way leine vinegar ia formed. 

Vinegar is produced rapidly, by causing liquids that have 
undergone the Alcoholic fermentation, to trickle over shavings, 
so that there is a free exposure to air, by means of which 0. is 
more readily absorbed. (See 526, 527, &c.) 

561. The pyriAigneoug acid referred to (547), is one of tbe 

iirincipal sources of Acetic acid. It may be purified from the 
breign substances that give it odor, by neutralization with 
Carbonate of Soda, crystalizing the Acetate of Soda formed, 
drying the crystals, and then distilling the dried salt, with 
strong Sulphuric acid. In a similar way, the acid may be ex- 
tracted from common vinegar. 

Pure Acetic acid crystalizes by cold ; but, above 60°, ia a 
colorless, intensely acid, corrosive liquid. Its salts are all sot- 
Bhle. 

GS9. Symbol of Arctic ncid, nnd common form ! Curious method of pro- 
dnclimii Platinum black ? Coil of PUtinum wire ' 5S0. Cider and w" " 
Tlnorair, how made'! "Motlier"' Kapid production? 561. How fl 
pgr^ignmii/i nciii? I*rcippr(ic8 ofpiire Acetic acid? 
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m. 485, a. A rail of fine rcU-lml PtuLiuiiiii wire cu-pcn.lc.l ill it ICRl-«l«M 
OTn Edier. coatinnes to etow while thn Etbor loaU. ' 

Fowerfuilj pangcnt odon otuo froin tho Acctji: uid Fonnit? widi, Ac^ 
[uodnced. 

/U. 485, 6. Specimen tnA properticB or amunariul Aeelii: add, a dilnW 

562. AcETATB OF SODJi. C.(HjNii)0(, JOTt reftrnd to, cijulaliies 
modiHed nbliqu(i rbombic prismB {391 ), coDtaining aix cqnivnleniii or wue 

563. AcxTi-TB or Ai.um:na, C((I1iA1||0,, is n aalt oxKiuivelf mei 
djeing and cali™ printing, Hinve, when fixed upon the I'loth, a moderate heat 
cxpob the Acetic add, and leaves the Aliuoinu upon tbe doth to set as ■ 

HoKiGST^TB OP Ibow, C.tHaFi'JO., and the raqaiaalalf, C,(HjFpi)0., 
nrt luod alio in iljeing and mUeo pnnCiag. 

561. AcBTATB ni> Lbao, C,(HvI'I))0,, \a n common eubsttmce 
known as Sugar of Lead, from it§ sweot taste. It is poinonouB. 
The antidote is Sulphate of Magneeia (124). 

Acetate of Lead ia used in medicine, and for the preparation 
of some other compounds of Leml. 

565. AcBTATB OP CoppeB, C,(lIjGu)Op is a fine green salt. 
and one of the elements of verdigris, a common paint. It is 
poisonone, and the antidote in Albumin, or ogf^ (125). 

Bt the Hahstitution of 3 eqaivaleme of Chlorine for 3 of Hydrogen, Chlor- 
•cenc arid, C,(UCLi)Oi, a crjstalizable aubstance is formed. 

SG6. The aeids of tlie formula, CH.O^, constitute a aerleB al- 
niOBt complete. The Metncetonic, Valeric, Stearic, and other " 
adds, are examples. Below are others ; — 

Propiiinii: arid, CnHiOi (called also Mclaccionif), is one of the resnlt* of 
the acdon of KO. on Sugar. It is a pnngont, volatile lii|ajd. 

Bvtgrie add, CiUgOi, ia rotiuidered to be present in butter. It ma; be 
produced fVoni butter, sugar or milk ; and ia a, colorioae, atninglf add liquid, 
of a nincid odor. 

VaUrU add, CioHioOi, exists in the root of the Valtriaaa offidnalia. It 
maj be prodaced, m with Acetic acid, by the action of Platinum black, on 
Amytal, ioatciul of Vinol. It ia an oil-like, add liquid, 

6ST- BaasAulic arid, ChHihOi, ia a fragrant, oil-like substance, — a reeult 
of the action of Nitric acid on Gutor oil. 

OoBtjlic add, CinHiiiOi. is thought to exist in butter. 

FAtraiBic aeid, CisHiiOi, is found in the distilled water of tho rose gera- 
.Jiiom {Pdargimi-am roaeum). It is thon^t to be present in ether of wine, and 
h> give the vinona flavor. 

Capric aeid, CmHiiiOi, is one of Ae acids of butter. 

fUoZic add, CjtRiiOi, is a white crjataline solid, extracted IVotn Spermaceti. 

Red-hot Piatinnm wire, 485, aT 485, bf [562. Symbol of Acetate of 
Soda, aud cTTSIalixation ? 563. Symb. and uses of Acetate of Alnmioai 
The Acetalca of Iron, their symbs. and uses ?] 564. Symb., properties, com- 
mon name, and uses of Acetate of Lead? 56S. Of Acetate of Copiwrl 
What ia aaid of Chlomcetic acid t &66. Kxatnplcs of other ocida honrnlo- 
pms with Acetic ! (Symb. and eonrce of Propionic acid ? Butyric 1 V»- 
teic? S67. Enanlhylic? Polorgonic! Capnc!] 
10 



\ 



:il> i:i.l.ATSM\> OF Alll*> A\I» .iL'-OliULji. 

6t>>. ^TEAKK' Acid, CmUmO«. is extracted from fat anil tal- 
low i-.f varioQji kinds. It is a hard white solid, requiring a tern- 
pemnre of 16S= to fosc it : and is mnch nsed as a material for 
candles, bein^ harder, and less readQr fusible, than the fats, or 
their other elements. Margaric add has the same composition, 
but is more readOj fnsible. 

Baask acid. C»HaeO«. is denvod from kmnaii fiiL 

CtTtitic aeid^ C14HMO4, is a solid sabstance e uin at i ed firom China wax. 

Afi//imr ontf, C«EU04, is froni beeswax. (See Appendix.) 

569. Several other acids of this series are known. Acetic 
rtcid. C4U40«. when compared with Vinol or common Alcohol, 
C\ll.r>.. from mhich it is deriTed, is seen to have two more 
c-qnivalents of O, and two less of H. Formic acid, CaH,04, has 
the sauie relation to Methol, CtH^O^ or wood spirit ; and so, 
als.1, lias Valeric acid, C^ftHjoO^, to Amylol, CitH,,Oi, or potato 
sjiirit. 

570. Several other Alcohols, corresponding to acids of the formula, Cm&mO^, 
«n' knomn : as. PropTk>l, OiLOi, conv^ponding to Propionic acid ; Batjrol, 
C n ,.(>;, to Butrm- acid ; Caprol, C H .Oj, to Caprvlic acid ; Ethol, 
C iHjuOc, to Etlolic •ciA ; CeIt^tol. C:4H .Oi, to Cerottc *acid ; and Mellis- 
«oU Ck>H «Oi, to Mellissic acid. 

Caprol is a peiiectlT flnid, transparent, aromatic, comhostible liquid. 
The other AIcoIk^, of a greater number of equivalents, are solid and of a 
fattv or waxy appearance. 

571. Besides these Alcohols, homolc^ons with common Alco- 
hol, and having the fonnula, C«H»^^0„ there are ath^r classes ; 
as for example, those represented bj QJEL^^Jd^ ; as Phenol, 
C,«H«Ot, a derivative from Saliciu, and also contained in coal- 
tar, and in ctutoreumj a secretion of the beaver; Benzolol, or 
Anisol, CuHgOs, from benzoin and essence of anise ; and Cumi- 
nol, CaoH,40^ fi^m the essence of cumin. 

572. An important relation of the boiling points of substances, to their com- 
position, has been found to exist. For example, Kopp maintains, as the re- 
sult of his investigations, that Formic acid, CiHiO^, boils at 99^ of the 
Cenf/<7rade thermometer; Acetic, C4H40^, at 99 -|-19° = ll8^C; Butyric, 
CsH«'04,at99*»+3Xl9-=l56O; and la/mc, CioH.oO^.at 99°-HXl9**=175«»; 
while, in composition, Acetic acid contains C:H>, in addition to Formic ; 
Butvric, 3CiH>; and Valeric, 4C:Hj; so that for each addition of C^Hj, 
the boiling point rises 19**C. 

573. There are several other homologotis groups of acids. 



569. Symb., sources, properties, and uses of Stearic add ? Said of Maigar 
ric? [Bassic? Cerotic? Mellissic?] 569. Relations of Acetic, Formic, and 
Valeric acids to Vinol, Methol, and Amylol, respectively ? [570. Other Al- 
cohols of the same formula, and the acids to which they are related ? Prop- 
erties of Caprol?] 571. Examples of Alcohols of the foimula CiH^-eO^, 
and their sources ? [572. Relations of composition to Imiling point ?] 578. 
Other homologous groups of acids i 
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HoHULOOOtS Acids ^ the formula C.H..iO,. Tliis group 
indndes Oleic acid, C»HhO,. from the olein of lard, a colorlew 
insoluble liquid, as well as others. 

Actylic Bcid, C^HiOi, fiwn a variety of tonrcrg, is one of this gtoap; 
Elaidic acid, C3JIMO4, is an isomeric transformacion of the Oleic ; Moringuv 
(^iHtrOi, is from the oil of the plant Moringia aplm ; Anlhropir, CmHhOi, 
ii intra hamaii fat ; Bod Dceglie acid, ChH»0(, a from whale oil. 

574. Acids o/'(A«^rni*/aC,H,^,0,- To thisgronp belong 
Bicinolic acid, CkHj,0,; and Bicinolelc, CmH^O,. both from 
castor oil, which is from the plant, Rici»u communii. 

675. Acids of the formula C.H._,0,. Succinic acid, C,H,0„ 
from amber (Latin, mccinum), helonga to this gronp. 

Also, Adiptc, CisHmO.; Pimelic, Ci.HnOs; Snberir, CieH,.0(. (hnn 
coik (Latin, tiAer, the eoik-tree); and Sebacic, CtoHiaOa. "FhcBB five oddt 
may all be prodaced Tram Oleic aeid. 

576. Acids of the formula C.H._,0,. Benzoic acid, C„H,Qj 
(453), belongs to this group. 

Toloic, CigHiOi, taking its name from Utu balsam, and Cnminic . 
CbHiiOi, from oil afcmun. 

577. Acids of the formula, C.H_0,. Camphoric acid,! 
OggHi«Os. from camphor, belongs here. 

578. Acids of the formula C.ir._A- Salicylic 
CiiHgOg, from Salicin, and other sources; and Anisja^ 
G,(H|0«. from oil of aniie, are examples. 

Acids of fo/mula 0,H,_,0,. Ginnamic acid, C„H,0-| 
from oil of cinnamon, is an example. 

579. Here then have been presented examples of eight tiomo-fl 
logons gronps of acids, namely : 

1. Acetic acid group, C-H.O<. I 5. Benzoic acid group, C^Hh^fOh I 

2. Oleic '• ■' C.H.-,0., 6. Cumphoric" " C.H^.O». \ 
*.RicinoLic" " C.H--SO". 7. Salicylic " " C-H— .Ofc ! 
4. Succinic '• •' C™H,-iO». | 8. Cinnainic " " C.Hb-iO* 1 

These groups aSbrd an illustration of the nnmerniiB derivative!. 

from natural organic BubstauceB; and exhibit something of t.hetp 
interesting and wonderful relations. But more of these axttm 
seen as wo proceed. We may now enter upon the 

An acid of the focmuls, C.H»-iOi, iM symb., BOurcc, and properties 1 
[STmboIs and sources of Eluidic Bi'idi Moritigic? Antliropic 3 Dtteglicl] 
674. Acids of the formula CaU4-i0i>, their symbols and sources ? S79. An 
add of formula C,H„-sO« ? [Symbol and sourcB of Adipic add 1 Pime- 
licl Suberic? Sebacic!] 576. An ii<:id of formula C„H„-,0., end ila 
■ymbon [Toluic acid? Cuminic?] B77. An acid rcprcflontud by 
CiiSit-tOs^. 578. What two bj C„H„-eOrj? One by CHn-nO,! 579. 
Examples of how many homologoos nonps have been gven t [Designate 
each group by some acid in it und give ita formula !j WliBt is iUuatrated 
by these gronpa of acids 1 



, 80AP8, OLYCEBIDB, AND ETHEI^. 

580! These three classes of substances exhibit some analogy 
o inorganic salu in composition. 

' TQB Soaps are true salu. Common soaps are salts of Fo- 
tassa or Soda, in which the alkaline base is combined with 
teveral fatty acids, such as the Oleic, Stenric, Margaric, Butyric, 
Capric, etc. The salts which constitute soaps are therefore 
Oleate of Potassa, Oleate of Soda, Stearate of Potassa, Stearate 
of Soda, etc. 

581. The soaps of Potassa are more soluble and form the 
greater portion of soft soaps. Those of Soda are less soluble 
and predominate in hard saaps. Most soaps contain some ex- 
cess of allEali by which oily matters from the article to bo 
washed, are also converted into soap, and rendered soluble. 
Lime soaps, as before noticed, are insobible. There are soaps 
of Lead, of Ammonia, etc. Oils containing acids capable of 
ibrming soaps, are denominated laponifiable oils, such an eiive 
and palm oil. 

Ill, 486. ConverBion of oUve oS into a Bolation of loap bj moans of Po- 
tassa. 

SB2. Glvcerids. This term is applied to the definite fats 
anch as Stearin. Margarin, Butyrin, etc. (463 to 498). By de- 
composition they generally furnish 

Glycerin, OeH„0, = 92. Sp. gr. 1.28. This is a sweet, 
soluble, colorless, thickish, noil- volatile liquid. It has been re- 
cently employed somewhat in medicine and the arts, and is 
found to be chemically a deoxydizing agent. Its name is from 
gluktit, sweet. 

Glycerin in a proiinct of Iho deromposition of the Glyccrida, by which, 
with the absorption of SHO, tliey f^irniali two equivalents of tbe pucaliiLr 
odd, and one of Gljcurin. 



583. This a most estensive class of compounds which, for 
the most part, are highly volatile and fragrant liquids, though 
BOme have the solid form and others are gases. Many of them 
aro natural products, often constituting the peculiar flavoring 



Next Buhjett? 580. To what are the am/is, ghjcerlds, and elhera siniilar 
and how? Soups arc what ? Cammon soa;ia aro sa]ta of what basea and 
with what ocida? Sulta which conatitnte soaps ! 581. Soft nnii hitrdsoaps? 
Action of eonp in washing ? Insoluble soups 1 Saponiflnblo oils 1 5SS. 
To what ii the term glvcorid applied? Exampli's'! What do f^lfcerids 
fhmish and how 1 [In what way lire glycurid* dacomposed to form Glycerin , 
and an acidi] Next Babject? SB3. Extent, fbnn, volatility, B( 
peculiaritiea of the elhen? 
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principled of frnitx. vegelnble, oils, etc. ; bnt the larger nnmbOT 
known are artificial. 

Tiiey are generally prodnced by tlie action of acids on al- 
Goliols, and always retain a certain relation tri the alcohol in 
composition, as will be hereafter seen. We may now enter npon 
their eon aide ration. 

684. Ether, or Vinic ether C.H,„0, = 74. Sp. gr, .785. 
This subetance is a very common article, generally denominated 
"Ether." As Snlphuric acii! is usually employed in its forma- 
tion fVnm Vtncil, or common alcohol, it is EOmetimea called " Sul- 
phuric ether;" but this term belongs to another substance, and 
is inappropriate for this, since it cnntains iio S. 

JBtuer may be formed by the distillation of a mistnre of aereil 
Tolumes of Snlphnric acid, with sixteen of Alcohol; keepiiig 
np the supply of the Alcohol by « continuous stream, as fast aa 
the Ether comes over, and carefully maintaining the temperature 
at about 300°. 

585. Ether is a colorless and veiy volatile liquid, boiling at 
96^ under atmospheric pressure, and at temperatures below the 
&eeei»g point as the pressure is removed. 

Intense cold results from the boiling of Ether in vacuo ; and 
water may be frozen by this means. If the bulb of a ther- 
mometer is moistened with Ether, the Keicury rapidly mns 
down below the freezing point. 

Ether is soluble in Vinol, and slightly in water; and being 
combustible and volatile, its vapar is very liable to take firCi 
and even to form dangerous explosive mixtures. 

fl86. Ether i» extensively used in the arts ; in Medicine ; and 
as an animthetic, or agent to cause insensibility to jiain, in 
enrgery, 

III. 497. Conlianed process for the fonnntion of Ether from Vinol. 

lU. 4SS. Color, odor, mid solability of Ether. 

lU. 489. Cold produced when Ether is dropped on the hand or the iJiBi^ 
momeiar. 

lli. 490. Water frozen, in contact with boiling Ether, m vacuo. 

lU. 491. Combustibilitf snd explosive properties of Ether. 

587. Chlohinic Ether, C^H.CI, called also CJiIorohydric 
ether, is formed from Vinol, by saturation with HCl, and disttlla- 

Trom what produced ftnd how ! Compoaition ? SB4. 8<nnb., equir., and 
deniltj of Ether! Snlpharic Ether? How formed? 585. Color, form, 
ud boiling point of Ether ? Prodnction of cold ? Solubility i. Combusli- 
bilitr, etc.! 5B6, Use of Ether! Fortnation, 487! Specimen, etc., 4881 
Cold. 489! Water froicn, 490! 491! 687, Symb., formation, and prop- 
erticfl of Chloriuic ether ! 
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er. (CAJAO.— ic • deuse oil; flnid, 
fiilMiiil hf tke mcAam et &0^ on Ether. 

Aa» SnnciK Etfcn, CAHS^— b b tliick, acid liqaid, 
^— fJh fllrf SM^»n"w«r mdJ, bum it combines witli ia- 
M^iaic Jkafaf fcaae^ aad Skwm nil, called Snlpbovinates ; as, 
§K «SMTl^ S^bimMte «f Urn* C AC«S,0^ 

589l Kime £t«s«, C3*K0u >a a sweet, coloTleee liquid. 

XlTBocs Etwbb. CHJIOff M a ToIatil«, Eragrant liquid 
vlocfc aaf iKvdwwd bi- tbv Mtxoi of N0> on Alcohol. It is 
pw— in dl« pRpnatioa knon as ncwM rpiritt of nitre. 

1 (IK, etc), that Uw Bt. 



*a«s0nnba4Oi 






■Of^iwe^ lu consist of 
. SO., imA wMtr bO : aad SvlphUe of Iron in be corn- 
air t^tytams Sk^tanr mad. SIK lad Oinl of Imn FvO. While 
~ ' -* ~ iW Oxaoif aal Sdts comud dte'ritoMDls referred to, tutd 
' that cither SO3 or 



« Hii, Bor tlul FeO ud S . 
k adl, and at Oxt4 of Iran, letpcctinlv, io the salt. 
Ul. TW fciMii«. KcO^SOx or HO.SOx a pnt in this shape in uwotd- 
lan %U a dHwr vWh rmm Smi «ca to rrndtr probahle, tot to wUtrli 
wmi> u * H * h (t » ' iwH »T p o iii i 

:4 ID ibt! «aT, in onler to ronSinD 

f wriicis, which if in acronlance 

-V . W then (ohnauns ; and Id facUi- 

cr, bj hiiJB^ Ihe lymbol and the name to cor- 



Tle Onnlla. etc, haw beta pe|#eaenH4 in 
taa tM«m whidt ptnJly pnrBiu aawng « 



acid HSO« il wvaU pqoaUr mil iodkale die oliinute composition o 
■ahctances, wittanal espresiiiig anj tbmrr whiUcTer. 

Sor the sales of the n^taMe acidf the same plan was not roUnwed ; ax it 
WW thoaghl that at that stage in the smij. the learner wobM have become 
K> Eunitiar with name« and sjinbol^ as not' to be discoacened bj an innova- 

593. It will have been noticed, doablle^, that the fiinniilas ot these sails 
can readilr b« arrange to mirefpond to die preTions ones. Thus, ncntrsi 
Oxalate of Polasta. C.K.-Os, may be wrilicn a(KO,C,Oi), or, which is Iho 
same thio^ as to ractof, EO.C1O1: and then we have Potassa KO, (mnlNn«l 
with hypolbetic, anhTdron^ Oxalic acid COs- 



Other elbere! 5SS. STmb. and proporties of Solphnric ether* Names, 
•jmb.. properties, and co'mbinaiians of acid Sulphuric ether 1 S89. Symh. 
and propertie* of 'Sitnr ether? Nitrons, and production ? (S90, Formulas 
of the Oxacids and OxjbbIu and theory of their composition 1 What is 
certMn and what not' 591. The fonnnla FeO,SOr., why in this shape! 
Beasons 1 592. In what other way are formula,! written ! The salts nf tha 
vegclable acids 1 593. Thcformnlas of iheec ealle howmode locorrcs]X)nd 
lo Ihoac firs' ({iven for Oxjenlls '' 




SALTS UP VEGETABLE ACID:S. — CO.Mrul.ND UAURLI:J5:. 2:>3 

It is just possible, that CiOj may yet be isolated so as no longer to be hypo- 
thetical : for NO., was, for a long time, a hypothetical substance, and has only 
recently been obtained uncombined. 

594. The acid Tartrate of Potassa, C8(H.,K)0i;, may also be written, 
KO,HO,C80io; in which case CsOm would be hypothetic, anhydrous Tar- 
taric acid, and so with the otliers. The formulas C8(H«K)Oi2, and C^K•i08 
have the advantage of being simpler, and also of corresponding to those of 
the acids. The Sieory of the replacement of an atom of H. by one of K. 
would still be the same. 

595. In reference to the composition of the Ethers, a theoiy similar to that 
followed in the symbols of the inorganic acids and salts, has been advanced. 

Thus O4H5CI. may be regarded as a Haloid salt, the Chlorid of a base 
represented b^ CiH , and which has been called Ethul: but if it were neces- 
sary to give this base a name, a much better one indficating its origin would 
be Vinyl. Then the Chlorinic ether would be Chlorid of Vinyl, and so Sul- 
phuric ether would, instead of (CiHsjiSiO., be 2(C4H C'SOa) or C4HoO,SO., ; 
and its theoretical composition would be like that of Sulphate of Iron ; name- 
^ly, anhydrous Sulphuric acid, SO.j, combined with the Oxyd of Vinyl. 

This simplifies names somewhat, but it renders the symbols rather more 
complex, and teaches a theory that it is at present impossible to establish : 
still, however, dHsy like a large number of similar hypothetical, or actual 
compounds, does certainly replace H, and is replaced l)y it, and by a metal ; 
as though it were a simple substance. 

597. The recent isolation of C^Hj, and of other groups of a similai* cliai-- 
acter, increases the probability of the actual existence of many substances novr 
hypothetical. The term, compound radicle, is ap])lied to any group that ap- 
pears to act as a simpler organic element. While there are certain advantages 
connected with the employment of compound radicles, their free use is open 
to several objections. 

598. To render the formulas somewhat more familiar we may throw ihose 
of the other Ethers referred to, into the same binary form, leaving the student 
to name them as may best please him. 

Acid Sulphuric Ether would then be C4HaO,HO,2SO*, and might be called 
Acid Sulphate of Vinyl, corresponding to the acid Sulphate of Potassa, 
K0,H0,2S0j ; and Sulphovinate of Lime, C4H 'CaSaOp, would become the 
double Sulphate of Vinyl and Lime, C4H60,CaO,2SO;{. Also, Nitric ether, 
would be C^HsO,N06 ; and Nitrous, C^HsOjNO^. Common ether, CgHioO*, 
or C4H>0, would be the Oxyd of Vinyl. But to return to an account of tfie 
Ethers. ' * 

599. The Phosphoric Ethers correspond to the Phosphates ; the neutral ether 
being (C4H-J:jP0«, or 3C<HftO,POft ; while the acid ethers or Phosphovinic 
acids, are C4H7PO8, or C4Hr.O,2HO,POft; and aHnPO?, or 2C4H50,HO,POn. 

Carbonic Ether is CioHioOo, which, dividing by 2 equals CcHoOa or 
C4H'iO,COa. 

There are two volatile liquid SUicic Ethers; (C4H5)sSiOrt and C4H«Si207; 
and also a Boracic Ether which gives the green color to the flame of Alco- 
hol (237). 



Oxalate of Potassa and hypothetic Oxalic acid ? 594. Acid Tartrate of 
Potassa, etc. ? 595. Theory of the composition of the ethers ? Names for 
CJIol Names for the ethers'? 596. Advantages and objections? Re- 
placements ? 597. General name for these hypothetic compounds 1 Free 
use ? 598. Formulas of the ethers after the type of those first given for the 
Oxysalts? Examples? 599. Phosphoric ethers? Carbonic? Silicic? 
Boracic '^ 



226 ALDBUVDS. — ARTIFICIAL OILS. 

€09. Aldchjd, like Alcohol and the ethers is subject to a variety of change;; 
bj replacement ; that is, by certain processes, componnds may be formed 
kaving the same type, X^T^Z', bat oontaining other elements. Among these 
are tlM following : 

610. Chioral, Ci(HCLi)0.s is an oily liquid obtained by the action of CI. 
mpon anhydrous AlcohoL It is Aldehrd with an equivalent of H. replaced 
bv Chlorine. In SnJpknr altUkyd, C1A4S:, the Oi is replaced by Sulphur. 
'there is also Potassk aldehyd, C4(H3K)0;. 

The aldehyd corresponding to Methol, would be CsH^O^, but is unknown, 
except in the Bichlorinic form, CiCl.O:, which is called Phosgen gas. 

611. Amytic nJdeh^, C.oHn.O', an oily liquid, may be obtained from Amy- 
lol by a process similar to that for the Vinic aldehj'd. Other Aldehyd s are 
known ; and it is to be expected, that for every alcohol an aldehyd may yet 
be discovered. 

612. Homologue* of AldeMyd, C^H„0?. There are several of these sub- 
stances, whidi m composition are homologous to Aldehyd, but we have space 
for one onlv. 

Aceton, C^HsO?, is a light, coloriess, combustible, liquid, which may be 
produced by ^ action of heat on Acetate of Lime. 

It will be proper next to consider certain artificia] substances 
related to the alcohols, ethers, &c^, which may be denominated 

ARTIFICIAL VOLATILE VEGETABLE PRODUCTS. 

613. Bitter Almond oil, oil of Spirtga Ulmarla, oil of mustard, 
&c., mav be considered under this head. 

Bitter Almojtd Oil, CnHrtO;, is a substance produced by distillation 
from a paste of bruised bitter almonds. The oil is formed in the process, 
since it does not exist in the kernels. 

It is a colorless, odorous, pnnp:cnt oil ; containing, in the crude state, a 
quantity of the deadly poisonous Hydrocyanic acid. Purified from this, it is 
employed for scenting soaps and for a variety of purposes. It is often de- 
nominated Benwilol. 

614. This oil, by chemical means, is made to undergo a variety of trans- 
formations. CI. mav replace an atom of its H, thus converting it to Chlor- 
inic Benzoilol, Cn(HsCl)0«. It may also be converted into an isomeric 
white crystalline solid, called Benzoin^'Ci^BLxiOi. Benzoic acid (453) results 
from the Oxydation of the oil. 

615. Oil op SpiRiCA Ulmaria, ChHhO^, is a product of decomposition 
and distillation from the flowers of the plant, and may also be produced from 
Salicin. The oil is called Salicylol. 

It is a thin, colorless, fragrant oil, heavier than water. It is a source of 
Salicylic acid which, with Methyl, forms an ether present in the wintergreen, 
Gaultheria procumbem. 



[609. Replacement? 610. Symb., soured, and properties of Cliloral? 
How an aldehyd ? Sulphur aldehyd ? Potassic ? The aldehyd of Methol ? 
61 1 . Symb., production, and properties of Amylic aldehyd ? Other aldehyds 
known and to be discovered ? 612. Homologues of Aldehyd ? Symb., prop- 
erties, and production of Alston?] Next subject? 613.*^ Substances under 
the head of Artificial vegetable products ? [Symb., source, and properties, 
of hitter almond oil f Crude oil, why poisonous ? Use ? Transformations 1 
615. Sjrmb., sources, and properties or Salicylol ? Wiutci^reen ?] 




OIL OF ROSES AND COAL liA^. — ( IILOROFORM. 227 

616. Oil of Mustard, C-HaNS*, is an acrid oil, produced by decomposition 
and distillation from mastanl, Sinapis nigra. 

The oils produced from other cruciferous plants, as well as the oil of mu8« 
tard, contain Sulphur. Rapesced oil, from different species of Brassica, is 
one of the best oils for illuminating purposes. 

A variety of compounds, condsting of Carbon and Hydrogen 
only, are produced by various transformations of substances 
previously noticed. These may be briefly referred to in con- 
nection with each other, under the head of 

CARB0-HYDR0GEN8, AND THEIR MODIFICATIONS. 

617. These may be arranged in groups. 

Ist. Substances Isomeric wiHi Ether en, (j„H„. 
The following are examples: — 

1. Etheren, C4H4, 3. Amylen, C,oH,y, t5. Oil of Roses, CaoH^,, 

2. Butyren, CsH^, 4. Napten, C,bH„„ 6. Ceten, CasH^, 

7. A product from Caoutchouc, C^oH^o. 

This group strikingly illustrates isomerism, as all these sub- 
stances, possessing diff'erent properties, have the same per cent, 
composition, their symbols being all in the ratio of CH, or 
an equivalent of Carbon =6, to an ^equiv. of H^'drogen =1; 
and one hundred pounds of any one of them, contain 85.7142 
lbs. of C, and 14.2857 ofH. 

618. Oil of roses, which is, however, a natural substance, is 
considered the same in ultimate composition as Etheren, one of 
the chief constituents of coai gas. 

There is a Chlorid of Carbon, 0401^, corresponding in composition to Ethe- 
ren ; also, Monochlorinic Etheren, C^HsCl, and Bichlorinic Etlieren, C4H2CI8, 
etc. 

2d. T/te Foimen group. 

619. Formen, CgH4, has already been described (534). A 
series of substances corresponding with it, but in which H. is 
replaced, may here be noticed. 

Terchlorinic Forfnen, C2HCI3. This substance is generally 
called Chloroform^ and, like Vinic^ ether, has become well known 
for its anaesthetic properties. 

Chloroform is produced by distillation from a mixture of 
bleaching powder (204), water, and Alcohol, and subsequent 
purificatiou. It is a heavy, oil-like liquid of sp. gr. 1.5, boil- 



[616. Oil of Mustard? Oils from cmciferous plants? Rapeseed oil?] 
Next subject? 617. 1st group of Carbo-Hydrogens, and examples? Iso- 
merism ? 61 8. Oil of roses ? [Chlorinic modifications of Etheren ?] What 
group sucxrceds? 619. Symb. of Formen? Trichlorinic Formen — symb., 
name, and why well known ? Production and properties of Chloroform ? 



rS28 DEATHS CAL'SED BV CHLOKOFOBM. 

ing at HS*^, liavisg a. aweetiih ethereal odor, nntl bnt sliglitly 
eolnlile in water. 

It §eeiiia to be a more energetic and dangerons ajiteethetic 
agent tlian Etiier; and, in many metances, itji eioploymetit Ilsb 
resulted in death. It Las a variety of medical use?, 

Tenodiaic Foman, or Iodoform, CHIa, ia % sobfl, Mid TerbromnK Feraun, 
> volatile, liquid anbttUDce. 

It is tn be remarked that Formen, G,H,, is intimately re- 
Intpd to Tormic acid. 

6S0. 3d. Cailjo-Hndrogens of tht formula C,H,-8. These are, Bcnxcn, Tol- 



), ia k colorieaa oil, boiling; al 187°. It inaj be 



Beiaen, CiiIL, sp. j^. .: 

fonnod from Bemdc acid, and is 

illuminatiii): tcae. It ia aleo colled bouzol. 

Tolngo, CiiHn, is a derivative from Tolnic acid, and fW>ni IiaJaam of Tolu; 
" I, Ci'IIii, ia from Cainlnic add (576) ; Cymen, CidHii, is froin oil of 

631 . Other Carbo-Hgdmgaa and their modificatima. 

Areten, Ctll, is a Tolalile, oily, liquid, dmved from Chloro-viiiii' ether, 
(C,Hs)Cl, to which it correeponda, as (C)tt,)H. In its prodncrton , (Cia.)K 
ia previously formed. A carbo-bjdrogcn oflbe foriDiila CnHin=3(C4Hg) bus 
ulao been produced. 

623. By the arlion of CI. on Elliercn, and Bnccpssively upon tba prodncta, 
a series of eompoauds, aa Birlorinic Elhcrilen, CiIIiCl^ ; Terrhlorinie Elhf^r- 
ilen, CHiCL.; Qaadrichlorinic Ellierilon, C.H,CI,, 4c.; and, finally, C.CU 
Hre formed. 

From Chloro-Binic elher, (CtHn)Cl, a similar series is Ihrmed, bnt having 
diffcrenl properties. 

From Naptkalen, C:iiH>, anolberEerieB eorresponding in type, to Naptfaalcn, 
resaha ; and in sotnc caaee many different isomeric modilii'aciona, or dif- 

' ■ ■ ' ila. haT6 been . 

indefinite number 

Cabbor. Of these there may ba mentioned, the fbl- 



ofeompoundd. 

623. CULORIDB 

lowing : — 

Fonaea CMorid of Carbon, CiCl,, ia a b'qm'l- *P- PT- 1-6, boiling at 192°. 

Etherm Chlorid of Carbon, C.Cl,, a henvy, voiatiie liqnid of sp. gr. 1.55. 
boiling at 1G0°. 

Anlen CUimd of Carbon, C^Cl., ia a white cryataline aolid, fating at 330°, 
and subliming at 360'', nnehanged. 

Naptiidtn CUortf ^ Oirfcon, CsuClf, corresponds lo Napthalen.CsjH* (M9) 
in composition. 

Tile modifications of Ammonia, by which a great variety of 
, substances arise, may next be noticed under tlie head of 

ARTIFICIAL OBGANIC ALKALOIDS. 

624. Many of these come from the replacement of the H. of 

Danger ? [Other transformed Formena ?] Formen and fbnnie add ? 
1630. Other group of Carbo-Hydrogena t Benien — synih., properties, and 
soarcoa! Tolnen? Comcn ? Cymcn? 631. Aceten! 633. ChlorinicKthor- 
ilena 'i Naptbalens ! Corobimitions of tlie [hreo elements, C, H, and CI. t 
_6as. Chlonds of Cnrhoti— Formen Chlorid! F.itieroiil Awlen! Nap- 
Next anhject? Ha*. Sonrres of the ArLiliiiiil Organic Alknlcrida! 
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Amtnoniiim, NH, (253), by such a ^oup of elements from the 
alcohols, OS 18 found in the ethers; ae, for example, C,U,, C,Hi> 
or 0,.H„. 

There btb, howBTCT, precisciy aiinilar rBpUramenW by Cn, Ag, Hg, Ac. 

6S5. Tbm. as there is Cblorid of Ammoninm. N'H,C1, w), al^o, there !■ 
ChloridorCimrsninioTiJaTn. N(H3Ca)CI; and Cblorid of Bihydnr^c Am- 
moninm, K(HjH(;j)CI, m Buhslim™ preripitnted by aiidmjt AmmoDin wnter 
to a soluticin of Chlorid of Mercorv, utd knomi coronionl j tu lehile prteipi- 
iaie. 

636. The Chloridg of Platinammoniiini, are slQI more Htrikinf; e:(iunules ; 
u, N(H3pl)CI, a Rrcen luUl ; unci, also. N[n,PlNH,)CI, in whii-h NH, ni- 

S'acea H. In another compound, CI, NHi, and Pi, each replace U ; Ibiu, 
(H,Pt,NH,Cl)Cl. 

Thue are quite diflerent from the doable CIiIothI of Ammonium and 
FUtinnm, NH.Cl.PlClj, the CDinnioD oranf^ prmiiwute (255). 

627. MBUtAMMiN, N{Hi,Ciai)=NCsHi; Eq.Sl; sp.gr. l.l. This i« > 
colofleaB, highly solable, and liqneliable gss, having tk strong, Ammonit^Uka 
odor, and an alkaline reaction. It m combustible, burning with ■ rellow 
flame, and prodniinu Carbonic acid, vralar, Ammonia, Miirogen, and other 
|Ht>dDeta if the i-ombaeilon 19 inconiplele. The gas mav be prepared from 
Ote Chlorid of Methammoniam, NIHj.CO.jCI, just as 'Ammonia was ob- 
MilKd (MS) from the Chlorid of Ammoninm, NH.Cl. 

698. It: regemblanees to Ammonia, Nll<, are rery strong. It is tren mom 
•olnltlo in water than NH.i, or than any other known gag, since water disuolvei 
note than 1,000 Tolumcs of it. Like NHi, it is caustic, and is a sCrong base- 
It mar be regarded as Ammonia, in whicli Melbyl, CiH,, has replaced H; 
but other Iheories have boon advanced. It forms compounds similar to those 
of NHi: n>>, for example, Clilond of Methanunoniani, N(H..,C;H,)CI; and 
Nitrate of Methammin, N(H.,,CjE,)OJJOi, a salt errstalUinc in beantifnl 
light rbomboidal prisms, which boar a resemblance to iLose of Nitrate of Am- 
nuinia (S58}. There are also Bimethammin, N(H,2C U.). and Termetham- 
mid, N(C.Hi)t, in which two and three eqaivslenls of H. are replaced by tivo 
and Ihroe, C.Hi, rcspoctivoly. 



NH I, and appears ti 

There ant also ifiin 
a variety of salts, &e. 

Amylaamin, NH;( CoHm ), is another of this series. Besides these, there are 
many other modidcations of Ammonia, as N{C'H3,C>H.^,CroH|l), £c,, &e. 

630. In lumpoundsof Ibis series the N. maybe replaced by Antimony. Sb; 
Pbosphorns. V; or Arsenic, As ; producing, for example, Stil>lermetham- 
min, BI>(CiUj)q; Phosmethammin, PIHj.CiHs); Arsenleimelhammin, 
As(C,Hi)j. 

An inlcrosling series of compounds containing Arsenic, C, and H, hare 
been discovered ; as, AsCHt, AsC.Hn, AsCIk, AsC^u; also, AsCILO, 
and AsCiHtOi. Of these, two or three may be noticed. 

631. MefAarMmniA), AsCUii, is a hcavj, colorless, oil.lite lionid ; bat 
cryitalizable and highly poisonons. It corresponds to Dr. Kane s radicle, 

f as ETBinilli'i Qf Iba rrplaccmfnlof the H. of flH4. 1? (^, snd HgT Whitu pmripl. 



Amidogcn, NHi, in which N. ia ropUcod by Ab, iititl H. by CjH,i. Ita ibr- 
"unciful a; ' ' ' " '- 



r aitarsin, i 



ie considered li 



..._... , . .,. Bunsen B name, Eaimfgl, avil m 

too fiinnful and indefinite. 

632. Or^ of M-dharaammen, AsJCeHi)iO^AbC>H„0, t 
heavy, roludeBS, ofTensivc, oil-like liqnid, 

ArKvacttie acid, C,(AbH,,Hs)0.=AbC,HjO,, albirgeii, or kukodulic add, 
ii > iub«tant.-c crralalizing in colorless, oblique rhombic prisms. It la noluble 
in water, has an acid ruaction, and fomw enlCs in which H. ie replaced hj a 

nicial. It is not poisonoue like the preceding. ■■ ■■■• :j..— j — i.- 

Acvtic ftcid, in which A.1H1 replaces H. 

These Bnbstaiicc!! come, origlniilly, from the a 

Acolala of Fotiuaa, or from some similar source. ^ _, 

Eo the suhstanoea tliat iramcdialely precede. They have numerous deriya- 
lirvs which can not be here noticed. 

633. Glgegadl, CiH J40i, or iSi^r of aloe, ia a cryElBliiahle sabstance, 
hatinj; a sweet Iflate ; and it is prodneed by the action of Polassa on j/w. 
Among other views as (o compositiou, it has been regarded as Acetic add, 
b whidi Slii replaces H. It lias a variety of derivatives. 

AMIDS. 
P 431. These iDuv bi 
•lent of NHI. Tints 
mid, CH-iNOi. 

Acelaisid it a volatile and cryaULliznblc subsIuncR, prodneed b 
of Ammonia vrnlcr on Acetic ether. 

Ommid. C,NiH.0.=0wilB4e of Ammonia, C4(NH.)iO.— 4H0. Thii id 
n while, nunlral soiid, produi-ed by heating O^alato of Ammonia. These 
two <iise8 may »ert'e to illustrate a clues whidi foniiahea mlmy other examples 
and derivativeg. 

NITRTLS. 

63S. TbcBC arc Amida, minus SHO for each aquiv. of NHi in the original 
salt. TI10 MonoKvd of Nitrogen, NO (158), is the ffitryl of Nitrate of Am- 
monia. NH.O.NO,;; for, taking 4H0 from this, liore remain a(NO), 

Acfto•^'iirgl, CIIaN^Atetate of Ammonia, C.(Ils,NH.)0,— IHO. This 
is a roiutile. colorless iiqnid, product by distitlalion A\>m Acetate of AmmO' 
niii and aiiliydroos Phosphoric add. 

Pi-otiin, n Nilfj/t of CeUuleir. This interesting theory, enatained bv several 
facta. iB illustrated thus: CoIIoIobe, C«HMOjo-|-3NHa— l2HO='ProteIn, 
C«H„N,0.. 



y the action 



636. NiTttDUB Cellvlore, or ijitii ec 



Two 



a prepared by mining Ij fluid ounces of Bulphuric acid, with 
the aame meiuiire uf strong I41tric acid. Immersing IDO grains of clean dry 
cotton in the cold mixture lor five tainucea, and then washing the cotton en- 
tirely frw from acid, and drying it. Gnn cotton appears like ordinaiy cotton, 



lEufe, pri 



80i:bces A^D mudificatiuns cf ixdigo. 231 

bal 'm nora lunb. 3t takes fin at 370^. and MmMimw at Jow u 211". and, 
bunhig instsDtlT, fornu a Urge Tolame of CaitiDDk arid, Cartwnir O^nl, 
BodNimgeB : ttna h bac gival explofiTe power. Tbe tolDlion of jcno conon, 
known as coQodian, {araa an excellmt artifiida] mtictr, where Ihal Utvt of 
dw skin hat bceo acridcntaUv remoteil, once tbc tolvcDts erajiontc and 
Imtb an imperrioiu film. 

ARTIFICIAL OBGANIC COLOBIKG HATTERS. 

637. Litmut. archU, cvdbear, loHmaol. These are inodifica- 
tioRS of esseotially the same coloring principle which may be 
derived from many differeot plants of the liclieii kind. 

Some of these ara the BocrBa (incforHi, which grows on maiiliine ny*« on 
tlie aoDtfa roast of Fraaca ; th? Roeella fucipimU, from Eimilnr Bitontions on 
die South American and Afrkan roasts, u well as orher sr«cie$ of ihe »iiiia 
gODiu ; also, the Xfcoaoni taitarra, L. pardla, and Gi/mfMins nanmi, irom 
moDnlainoiis nx-ks in North Europe. 

638. The coloring malter, which consista of the four element:), 
0, C, H, and N, is developed from these by feiineiitation, and 
the admixture of sabftancee containing Ammnnia. It vnries in 
tint from red to purplish blue, according to the inwlo of prepa- 
ration. Alkalies give it the bhie tint, but ncida iientraliEe the 
alkali and restore the red. 

B39. iMtiiGO, CiiJlsNOi. This well-known hlue eolDiing principle ti An- 
rived from eevvral plsnlii, i-hiefl/ of the East and West Indies, A&ico, and 
CenInU America. 

TTbi-b i.la.rl- Br" minp iIdibd flifllT'-iit ipetins -f laiignfm ^e«nl« rlw JVmnia IJaOs- 

II is mostly in tbo Icbtcs of these thnl the coloring prinripli! is dcpoxilod. 
While Qie me of the ienf conlinneg, the prindple has no color, bnt as de«aj 
begins, the blue color a developed. 

[ndlgu Lb insolnblA in wu^r, niid tDiivt bp ctaai^^ml ro Fome folnMi' cniifllilon liAfi'n) it 
eulWnAfd In djfrlii^. In Lbe proc'viH of d jalpg^ »Dd Inj iplhrr cheiDiciiJ moiiiii. a nrk 



^ 



dDiMl b) nrLoDi oia. 
lt«mliiG»9saaln.of 
andaenln.Dl'I " 



le eoEDr. BDn un>- 

r Iron, ou indlm. 

- - -. - ,- „ ., _, - - . 1. .od form. MfO. 

aadflnnlTILDrlfldlKO. In tbc ubdiiI pronu of dyrlpg f ndi^ blnn. the IhUbo 1b coutvtI' 
ad u locUgsgni, Ok irliclE lo be AjeA is ImmerKd iata a balb of Ifalf, uid Ihen priilplM- 
tlnn of dw ladiio intlia texlnTC 1> alfb,:bid, 
■a 9ii4lUiiJvttcw<<C»BiNOK9e09,l>Lh<-rhierprcHliiclwbra1ndini><Ib«>l«dln 

Ai^bpiBIwHii mrid. CnHisNiOiaSOa, li Uie bMcf prndurl bf Ihi- intTun of Sulpliurlo 

ftsfa, CisHsNOh U B^^n^E-red lolfliile labsbiuK, formed from Indigo Uy tho ncUan 
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CYANOGEN AND ITS DERIVATIVES. 

643. CtahOoeb, CiN. Eq.3G. Sp.pr. 1.86. Air,t. This anbetao™ 
la found in natnrs as an element of Cjuiid of Hydrogen, and of other rom- 
" inrta, and is prodnced bj a sarioty of reaclioDS. It may be obtoincd by 

ting a mixture of three parts of corrosive sablimatfi and two of perfectly 

dried FcTTtieyBQid of Potassium, atid eollccted under air (aa in fig. 15, p. 27). 

644. Cyanogen U a ailorleSB gaa, bnl liquefinblo and solidifiable, and free- 
ly aolnhle in water. It has a peeuliar pungent odor, sotnethine like that of 
peach pits, and ia irritatin); and poteonona. It ia combnatible, iiaming with 
ft fine canniae'coiored Same. It forms an exploBive mixture wilii two Tot- 
nmes of D, and the products of its perfect combuation, are Carboniu acid and 
Kitmgen, It ia capable of combining with simple anbstances, and it forms a 
gnat TBiiety of compounds, some of which have a blue color, whence (ho 
nune. Cyanogen, a producer of bluet, 

645. Cxiltiii or Htdhoobn, HC*N, is commonly known aa Fraaaic 
acid, and Mydrocyuiio acid. It resulta from the distiUalioD of the soaked 
kernels of bitter almoada, peachee, apricots, pluma, cheiriea, and quincea; 
of tlie blossoms, leaves, and yonng shoots of some of these, and otiier plants. 
If it exists at all in these, orifnnally, it is only in very small quantity ; 
and it aeenu to bo ganerully the rosqtt of chomicaJ changes. It may ba ' 
prodnced pare, and in larger quantities, in other ways. 

Fare Cyaoid of Hydro^n is & light, volatile, colorless liquid, having a 
pOWDrfnl odor, like that of bitter almonds, a cooling and then a pungent and 
bitter taste. It is one of the most active poisons known, a single drop being 
capable, when put on the skin, of causinf; death ; and its vapor, especially to 
those unncrnstomed to it, ia highly poisonous. Its acid reaction is bat slight. 
Powerful slimnlanls, like Ammonia and Alcohol are antidotes to Fmsiic ^id. 
eie. Ciism or Potassium, KCaN. Tiiit inhaCMHP moy be vreaared hj ■ ynrletj of 
prwMfea Iro.n Ftrropyi'nid of PolMiiom. It I'ljatalii?. In coiDriMa cnlaM. mid Dlbcr 
jbrnm of \b- Krat ayDtmn (131) li inodoriiui, but e"". wIh" Id Ihe mulnl lUli^ itaa imel] 
of Dj«nld of Hidnigen. Jlia frerlj soluble, hM ■□ slkltlne rrMliuii. sDd la hijblj poi»on- 

IndellMe lDli.>iinA>. and Ihe anim tuolttnc from Nluntc irT Silrer, The Cyanlda of the 
ntlliT mEbila of the PoBHinm group bava atmilar iiropcrtlea, 

HT. TucTXNiD or laoR, PcSCiN, tt n gresn. K^c, tulalm powder, and baa bwn 
Ca31ed Fr^tiaH gretn, 

Ci«inD or UiuDaT, HrCsN. niunlliei la colorlega priniu. It rist be preparad 
from Pnualia blue and rsd Oird or Mercury. Onniii at silxrt. AgCtN, ■■ a while Itigul- 
uble fotid I and Otanii of Qeld. AufCiN, <a jeUqw, md idaa Imolnhls. Tbn C; aiKda of 
NeronrT. Wticr, nod Gold, form double C^ranldi with Oie melali of the Potuaiurn gronp. 

6W. theCyimldofBaviTiiidPoUaaliiai. JgK,3CiN,iiDdlhsC]>BB[dafaalduulPatH. 
ijnin am rerf loloblfi aidla. Tfary nrs pre[Mred b; diagolTin; an OiTd or Cblorld uf the 
metnl In lolutlon uf Gjuiid aF Potairium. ud are uwd hi tUanpltltig and gBMug. "Vhe 
qnantlQ of Gold or SQiir In lbs soluUun emploffd for ibean purpaiita In inninUinDii con. 

649. FxHROOTANiD ot Htdboobs, FoC..N,9HCiN, or Ihe double Cyan- 
id of Hydrogen and Iron, bas been called Hydroferrocyanic acid, is a crystal-, 
liable white solid, with an add reaction. 

Pekboctanid of Potassium, FeCjN,aHC,N, is an important salt, 
often called yellow Frusaiate of potash. It is mannfactnred on tlie latge 

S«. Bymb. and annreea o( Cywiogen I S«. Prnpertieal Comlplnra wtU; wbnll Com. 
poundil Hainel 645. Hifmlt., iwmiv, nod ionrcra of Cyaoid nf H.I Prnperdeit Piili- 
oal Addf AtilldiitR) I<H6. PTmh,iindprpn>nidanof CTnnidnfPotiuflRml Crvatalar 
Proipnleil n>«i nt Kdvi Oihnr Cyhuidal 647. T.-r^yanld of Iron t 8rnit>a ant 
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scale frnin all kinds of rvFuttc aniinnl mutlErx, as lilond, hoofs, &e., bj caldn- 
atioa Willi peorlash and Iron tiljn^d. Ic eryelaliKCs in Bdd fcUow OTStnid, 
which itro tnoditiiMl squun! octnhodrona, and r^iWain 3 equira. of wsler. Br 
nmodorate hent cha walor is expoUed, and tUo naif becoroOB noariy white. It 
is freely soluble in water. ThU eolt is sxtunsivuly employed ia the arts, u 
in dyeinp. making bluo writing fluid, &«., and is tha chief source of the ocher 
eompoTiDde of Cyanogen. 
JBrirvsoU "/ h^Jraga, FrJCiN.HCiN, li nu iinlmiHrtiiiit ttitiiinun, Ifant bu Ihwd 

Feniryanid af Patattiam, Fe]CiN,ECaN, a sail, forming fine ted crystali, 
which are tnodificil right snuare prisius. 

650. It may be noticed that the FDrrocranids contain as many equivilenU 
of Cyanoeen a» of metal, or motnl and llydroeen, and that this is also traa 
of the FerricyBnidBgjirovlited the equivalent of Iran ia taken M { the ordinaiy 
equivalent, thai ia, jf of 2B = 18| ; also, that in the Ferrofyanids there is one 
eqnir. of Iran lu two of Ilydrogun or of metal, while in the Fsmcyanids 
there are f of an eqniT. of Iron to one of the other element. 

Laurent has proposed to giire to Fc] tlio name of FtrruMm, but this doai 
not seem necessary. 

Other Ferrocynnida and Ferricyanids, rorreaponding in typo to those de- 
scribed, mav be fonned by roacliona bptwcpn metallic solntions and solntions 
of the two f'otasaiam aolUi. Thtu, with snlulion of Solphate of Zinc, Ferra- 
cranid of Potassium gives a white precipitate of Feiroryaaid of Zinc, 
ZniFeCvq (nsing Cy. for Cyanogen), hIuIb Fcnicyanid of Potassium gives, 
with Salpbate of Zinc, an orange yellow precipitate of Fetricyanid of Zinc, 
Fe)ZnCji, and ao with other Oxysalla. 

851. Complex Ctanids op Ikok. Those are of a datt bine color, and 
aie generally known ae Pnutinn Uues, since the ordtuarr artiele of that name 
was discovered in Berlin, in 170*. Common Pntiaian lHar. may be reproscnt- 
ed bv aFolCiN.FoCiN. Il is tnanufaclnred on the large scide from Monn- 
inlpbatu of Iran and Ferrocyanid of Potassium, and is used as n paint, bat 
its color is not permanent. Another Prussian bloe, generally called Tum- 
ball's, u repreaenled by FelCjNjFcCiN. . 

aiarinic O^nids By UioctiuBorcl.oB ceiM^n C^inliKBJrJUsrliitciri^ (>iaUD/ 

■a^atwl« wh'Dh diit be cnlli^ TtrMartnie rrJpfa (\a-ii C1ini!tN. n-niliiiln crr-tnirnH 
■and iBx; be rbrnEd. nod lUsu Bicliliirinic dmiWi Cfmid, at,3Cm. h viUM-- liqnM mb- 

639. CVaowfa: acid, HiCsNiCK Tbli miiy bn fonned frnn T--reli>riide trii'I- Cyniilil. 
ftOD Ur™. »Nd from WYBml a!\vr •mrt™. I1 1< colorlMi, nMrly ohoIfbi. -Ilslitly iwld, 
■ad cyiuKiH In oblique rbomblc prisnH (331), conRibiiDg: 4 ivimn. »r wnb r Tbe idd 
l»trtl»rin,fnrniln^l. rarlnty of mlu ILIw PLMphorio boI.T. frojn ite.idlilliu-yburl- 



Ji Hquid, »ilh Rn 

of the tHine tyiwuOvfmlc acid, ibe Oa b^lns r^ljic«d bv 
ince. Tlieir caiDp»ltlDiiiaIbiiuiiieu tiutaf Ihcuili, 
•mplojed a> a 




234 PERCUSSION CAPS. — THE BLUE FLAME OF COAL. 

oonBist of n .•^ulphw I»ii«e, n^ KS, combined with the Bnhy<1ron« ncul, CiN.*', nn<I f>o with 
t'lp PymiatP'' ; thn.". Cynnnte of I'otasea may bo wiitrc", KG CiNO, juid corr>-8))unda tn 
the CO iimon lyjn* of jui Oxyoalt. 

Fiilmhime*. Th»» •« pnlt-' are rwnarkahle for their explowv«' iiropertiep. Fulminate 
of Mercury, Ug-i,C4N.!0-i, is the material in the percussiou-caps, and is prepared b> the ac- 
tion of Alcohol oM II H- Inrion <.f Hg. in Nitric acid. 

Fulminate of Silver, Ag3C4N204, i^ prepared in n similar wny ; and as it explodes with 
ffreat violence by fricti'Mi. eT(>n if wot. is a rather dangerous compound. The explc«iou 
in these oaltg in tht; ri'sult of a decompositioiv>into Carbonic acid, Nitrogen, metal, and 
metallic Cynnid. 

653. Thf re ure n«"xt to I)e described one or two substances that connect Organic Chem- 
istry to InorgHiiic. just as Ammonia and it*» compounds connect Inorganic tn Organic 
Cbemii>tiy, ami ihns a circuif, everywhere unbroken, is formed. The first of these io 

Carbonic Ox yd, CO. Eq. 14. Sp.gr. .97. Air^ 1. This is a color- 
less, nearly inodorous, slightly soluble, and highly poisonous gas, which 
may be most easily produced by the action of Sulphuric acid on Ferrocyanid 
of Potassium. It is combustible, burning with a blue flame, and exploding 
with half its volume of O. The result of its combustion being Carbonic acid. 

The burning of this gi\s constitutes the blue flame which is perceived when 
a strong Anthracite fire is covered with fresh coal, or when a powerful blast 
of air is driven through an anthracite fire, as with many furnaces. 

The production of Carbonic Oxyd, in burning coal, should be avoided as 
much as possiblt?, as it is attended by a loss of one half the heat, unless the 
heat from the blue flame is applied. (See Art. 353.) 

Carbonic acid, which was necessarily noticed previously, is another of the 

substances which connect Organic to Inorganic Chemistry. 

6.>4. Cklorocarbonic add, CaCI^Oa. or Pho9gen gas, is produced (as the term Phosgen, 
generated by lij^ht. indicates), by the action of CI. and liRht <>n Carbotiic Oxyd. Jt hati 
been already referred to (610) as having the tyjw of the aluehyd of MethoL 

REVIEW. 

GSa. Tlie Organic portion of the suliject has now received as much attention as the pro- 
poised Umit8 of this treatise admit. 

The ptiident will mark the distinction between organized substances, and those that am 
menly organic. An organized pubstnncf lias a peculiar structure which is the result of 
the action of vital forces. Animal Fibrin, (»r pure tle»h and Cellnlosf', nr vegf'tnblf fibn-, 
are highly organized. In Starch, the orgnnizaiion is of a lower grade, though still evidml; 
in Sugar, thi re is no organization, so that Sugar is merely Organic. 

656. It will have been seen that the different substances in Organic Chemistry have been 
notieed in the following order : — 

iKt. Substances formed in and by plnnts, and which are the results of tlie action of vege- 
table viud forces. 2d. SubEtnnces constituting, or formed in the animal economy ; and, 
also, the mutual relations of plants and animals. 3d. The results of natural dccooiposi- 
tionf>, as decay, fermentation. &c.. 4tb. Artificial Organic substances 

657. Of these last, several groups of substances have been noticed, as : 1st. The grotcps 
of alcohols. 2d. The Homologous groups of acids. 3d. The Soaps, Glycerids, and Ethers. 
4th. The Aldehyds, tifC. 5th. Artificial volatile vegetable products, as bitter almond oil. 6th. 
The Carbo-Hydrogens. 7th. Artificial organic aOcaloids. 8th. Amids and nitryls. 9th. Ar- 
tifcial organic coloring matters. 10th. Cyanogen and its derivatives. 

The Allied Homologous Groups. Ilie groups of alcohols, acids, ethers, ddiyds, 
ethyls, and alkaloids, or bases, with their wonderful variety of modification, their intimate 
relations to each other, and their unlimited probable derivatives, can not fail to excite in 
the mind of the true student the most lively sensations of ndmiration for the symmetrical 
and beautiful, if not vast proportions they display. 

It will be profitable to glance once more at these groups which occupy such an impor- 
tant position in artificial organic Chemistry. 

(Cyanates? Fulminates, remarkable f(»r what? Composition, use, and prepara- 
tion of Fulminate of Mrrcury? Fulminate of Silver? Result of the exploMon of the 
Fulminates? 653. Substance^ connecting organic to inorgatdc Chemistry?] Syrnb., 
equiv., and propiMties of Carbonic Oxyd? Production? Combustion and explo.-ion? 
Bluf flame of antliracite fires ? Lops of Heat ? [Symb., &c., of Chloro-carbonic acid ?] 

655. Organized, organic, and examples ? 656. Order in which organic substances have 
)trvn notici^d ? Sul)r<tanc'>8 noticed firstly ? Seconiily ? Thinlly ? fourthly ? 657. The 
ten group.q ol artificial organic subMbmces, in the order in wliich they have been notic4'd? 
Substances t inbruced by the allied homologous groups? 
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658. Tims. A type is merely n common furniula fur a viiritly .d' dijrertiit 
tuhiitaiiMa, Tba ordinary Sulphatee,. an ¥eO,SO^ ZnO.SO,., CuO,B(>.i, 
uul HOgSOs, have ali a cominon type 'which hy eabstitatiDg M. for Fe, Zii, 
Cn, or H, befomeg MO,SOa. Tbo adds homalogous with the Acetic, Lava 
one typu, C-tt.Oi. 

699. IiOUHB:BU. Thvro ore, strictly, two modifications of this, namely, 
mdaaeritm and in/lymaifm, 

Mrtamenim. By this is andcrstood not merely that dit^(^rent substnmi's 
nay have the Enme elements and per cent. comjioBiliaD, but also prcri»iely 
thetajoefmniila. Oilof SpirfflaUimaria, Ci.HeOi.andBenioicacid, Ci.BoO., 
are examples of molamenc anbstatices. 

Fot^nierism. By this term is meant that diCTerent sabstsnces may have the 
Bome elements and per cent, composition, bnt with different foriDulas. In 
Acetic acid, Cf .Oh, lactic add, CnHi^Oi:, and Grape Snj^r, Ci.HnOii, 
Uie same elements are combined in the same ratios ; but from the manner in 
which these suhstancoB combine, or iplit ap, or for some other reason, it is 
conclndcd that the formnlos are as juitt given ; and those three are cKamplcs 
of Polymeric substances. 

eeo. PolymorphiBm, and allotropism may be also reg;arded Ds modiEcatioils 
of iaomerism ; and then we have — 
. Itonitirplusm, or different sabslances crystalizing in the Bome form. 

Polymiirphitta, or the same substance cryetnlizing in different forms. 

Allolropam, or the seme nnbetance with different properties. 

Metameriim, or different substances with identical formulas, 

iVumerinn, or different substances of idcuticuL composition, bnt different 
formulas. 



CHEMICAL RELATIONS OF AQRICtlLTURB, HORTICULTURE, RTC. 

661. These most have been more or Icaa perceiied in vbut has aliBHir 
appeared. 

The fnii coaBideratiDn of this sabfect cDnetitates one of the moit extenaiTo 
departmeau of tbe science, and can hiiro bo merely glanced at; boi will be 
stndied more fully by those who feci inl«n!sted, in worka eepeciiilly dovoWJ 
to iu elucidation, u well as by means of careful and original investigulion. 

The r^id and healthful cmwth of plants depends npon conditions of two 
different classes. One of mesu embraces > proper Tnechnidcal conditioD of 
the soil, an to looseness, raoistnie, the rolotioni of locality and clunatfl, &c. ; 
with these Chemistry has bat little to do. 

The other class of conditions is pnreljr chemical. These are the proper 
comiiosition of llie soil, and the right administration to it of such subxlancoi. 
aa may improve lis composition, and favor the more ia]>id growth of pUnts, 

669. Cbmnui'rim ii/S>ilt. Soils consist for the most pan of rariable mix- 
tures of Silica or soud, Silicate of Alnmina or clay, and partially detvm- 
posed oi^uijc matter. As the ratios of these vaiy, the soil is suited to one 
or another description of crop, as every hnsbandman andcrstands. 

But while plants lake moal of (heir material fhim the atmosphere, or at 
least from gases, or other fluids, they require small quantities oi Polasso, 
Soda, Lime, Phosphoric acid, &*;, which entor into their niiapositioii (as 
noticed, 365), and the presence of which is ^^dispensable to their healtliful 
growth. These must always be pi-esent, in sufflcicnt quantity, to render a 
soil fertile. 

663. Besides this, certoin plants reqairo, as is learned by their analysis, and 
that of tliu soil in wliich Ihey best flonrish, a preponderance of certain oftbesa 
mineral clemenls. 

All these subjects, as well as llie composition and growth of i^onts, and 
their products, can not be understood, without a knowledge of Choinistry; 
and A; nee it becomei necessary thai eivry person, direiih inlerctted in the cuhure 
of the taU, shmid haix a very amfidemSle <iM«inl of C&mical in/orniad'an. . 
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Bodium U«, 8B5 

Boila, compoaitiuD ut, flS2 

Bolder 127 

Bolida 9 

■olaikja, S,9r7 

Bpceifie gimvity 8, -lieat... SSR 

Bpermarfii £07 

Bpirtta Ulmari 61-5 

Bpirit of Sail 17. 141. -wood &S2 

Bpiritt of hartshorn 2Su 

Bpirit of wimf is AkoboL 

^NXJumene 106 

BuIaciiteSf Sulaniiiea.... 336 

Btarch 52,370.373,474 

Bmric acid 588 

Btearin 4BB 

Sttwl 119 

StilitcnneiliafamiD fiSO 

Btrooti -aniit?. -um 109 

Btrychn -iiH'.-o* nux ▼onlca 396 

SiyrkX beozoin 451 

Sifhvr. -ic acid 575 

Bubiima-ie-tioo... 42, 154, 254 

Buccinic acid 575 

Buei 467 

Bulbar 58.372-6 

** of ^Ine 633, Lead.... 564 

** " milk 444 

Balphale 41,210-17 

** of Ammonia 257 

" ** Methyl 604 

** ••Vinyl 586,598 

Balphindylic acid Ul 

Balpliite 206 

Salphocyanic etc .... 460, 652 

Salpfaopurpnric, etc 611 

Bolpbovinic, etc 568 

Snlphnr 41 



.<u;r.l-ariil.lel.vd Art. 6 If. 

:i*.•v^•,'^r^-t^ ..' 41. laB-QS: 

Si ^S..,t*-"*-\ H 187 1 

Sui|>i.iirir uc.'l 207 

Siii|itiiiriiu« acid 45. 2r< 

Su pbur sails 244 

waters 167,189 

SnlptiydrareorAawiODia.. 964 

Sulr-hydraies 244 

Salpliydric acid. 187- 

Saperplrfi*pl«fe 60 

Syrnii«7l,S]rlviae 147. 

Symbols SPB.SIS: 

talr 71. III. 

Tm:]*iw (See 4G2, 4&5)' 

Twnn -ic acid, -in, -in; 422 

Tanraium 128 

Tap ioca 370, 433 J 

Tanar emetic 42n| 

Tartaric acid Tartrates 41»-3n 

Ti^. 39!S 

Tellurium 46; 

Tenacliy S8 

Tmidona. 480 

Tirrhiam 134 

Terchlonnic etc, Formen 619 

Termethammin 628 

Ternary acids 450 

rompoands. 196 

oils 406 

Terrinamrain 629 

Test II 

Tbeobroma Cacao 985 

Theobromine 

Tbioonric acid, CsHTllaSi- 
01 4. is derired fran Uric 
add. 

Thoracic doct 

Thori-al75: -am 113 

Tin-plate 127, -putty 184 

Tiasoe 412, 4W 

Titanium 136 

Tobacea 387 

Tolnen no 

Tolnicaeid 576 

Torreya taxifulia. 418 

Toomesol 637 

Tribaaie oxacids 201, 224 

Triciinic syaiem 327 

Trimetrie - 325 

Trlmor|rfiiaD 328 

Tungsten 126 

Turmeric 96 

Tumbuirsbhie 651 

Turpentine 19, 4ir7 

Type metal 129 

Types, cbemical 658 

ultimate atoms 332 

Ultimate elements are sim- 
ple elements. 

rraainm 116 

Urea 449, Uric acid 455 

Urine 491 

Urticanrens 450 

Vacuum pans. 373 

Valeriana oflScinalia 566 

Valeric acid 566 

Valero -amy lie ether. 605 

Vanadium 126 

Vapor 9 



Vccr.T.ABLE acids nn>] salts 412 
A ''nm:n. Casein. 
F:i-rm. ijvlatin. 382 

•^ a.Maiu:iia 3ui2 

** ciimpi.-nrnts 867 

" decay 511. 5SU 

mouki 590 

** oils and fius. 408 

*" nlti elcmenis 362, 365 

Vetdirna 565 

Vermiiioo is B^. 

Vinsmmin 639 

Vineifar 559 

Virjtc aMtfbyd 007 

- ether 584, *»1 

Vinol -^1. M(iD«>pofassic. . 6=0 

V:niHis ftrrmeDtaiion 52U 

Vinyi 595.621 

Viirinls 209.215-17 

Volatile sudstances 89 

** eriranic eirments 364 

** Tegetable oils 4r« 

V<4ta-fc circuit 334 

Vnlcauized Caouicbooc... 410 

Water 162 

An organic riemenr, 473; 
Ammonia. 39f>; basic 
water, is water aa a 
base (See 2n7, 222-7) : 
boiling. 163; crystal i- 
xalioo, 164: Chalyb., 
167; deeompoaed. 162, 
SCS^: distilled, 165; 
fermgiaous, 167; fbrm- 
edSI.38.8«. 86: ftae- 
Xing. 163 ; hard, 168 ; 
LebJanoB, 167; Lime, 
173: at Maxlwum or 
greatMC density, 163; 
mineral. 167. 229 ; por- 
ificatifm, putrid, 168; 
rain, 165; relations to 
life, 510 ; SaKna, sea, 
148; S6da, 229; soft, 
168 ; SoWenl, 164 ; Sul- 
phur, 167. 

Waste and supply 502 

Wax 462 

Will-a-wisp 194 

Wine 229 

Wine iermenied eoolaine 

Alcohol (See5®4) 

Wine vinegar 560 

Wintergreen..... 615 

Witheriie 106 

^*l)^« ^^ 

Tiniite ' araenie,' ISO,* 242'; 

lead. 336 : paint. 85, 108, 

123; )>reeipiute, 62Sl 
Wolfram am, aee Tungsten. 
Wood. 431 ; distillation, 

547 ; Naptha, 558 ; tar, 

547. 

Xanthin 402 

Teast 518 

Tttri-a,175; -OSL 113 

Zaffre 153 

Zinc .'^123, 181 

Zir«om•al75|•a■^ 113 



THE END. 
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